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(ii) STlfMcft, ifefe ^TT3ff cM f^Tef ^ SRlfcT WW, cM 
^cTTIJ girfi cf>w ^0dl 11 

(iii) fewtn feffetfe fen nwrw wfe to cwfemfe ferfe feftwtfe ifefe wr feRfew/feRTOfe/Tfenfetro 

fecfe n> WT WnfetTO TO WWW 11 eTT^RMff fen feT WTRST WTO WWW t fefe TORRTTO sfRfe'WT 
TOReRT fefeT W fe vH^cHdl, ^frf^TcT 'tHdeldl WW fewn TOReRT fen n> W1 RT WTeTW Wpfe W TOffe 11 

( 3 ) fe§ fe) $ WTO ffeTOT TO WT WWRWffe few WfeT:- 

"(WW) '% feTO' WWW "few" WT wffew fefe fen fefe if TO fe wffe feff if WTfenwfe fe WTWWT WTO fer 
WTO Ufrlefldd: fefe TOTWT WTO mfe fe TOTOfe TO fefe TOT fe t, ffef fefeRT, nfe fe WW fefefet fe fefer 11 

(WW) 'feT £R#nR fewT WTO "fefeTRT" WT wffeTRT fefe fefeWfe WTO Rfefefe WTWffe fefe ngn fefe fefeffefe 

if fe few % tl 

(n) TOW (q) fe TOFT W fferWT feT fefewftn few »ip: 

"(fe "fecT" WT WffeTRT RtcT feT fefep WTO WTO fefewfe SRT ffefe fefe Wnfe fe fer fe t;" 

(fe TOW fe) fe WTO feWTO fe feT TOT-wfeT ffew TOW: 

"(WW) "feeT WTO” WTO “fewfe'' WT wftTOT feeT feT WTO fe TOlfe fe (WW) WTO fefen fe (fefe fe few fefew 

fe; 

few) 'few fetaR wr#fefe" afro “fefewrf' wt wftror ffefe few fer fefew ftffen wro fe I fe nn nfeR fe 
few (toM), fenro fenfe fer® (rowft) TTO sfw fers (wft) wto tfew i?ferT wps (^fejft) sfe #r wro (fesfe) 
wt ^wro^fewr ti 

(TO) "7tcT_WJ^)" WTO "#^tWR TOWS ^eT rf\ ^T c^f ^TOTT £ feWTO ^ ^feT" WT WffeTO ^cWfeH 3Wfe ^ 
fero fe^ft WfcT ^ TO W ^MfWR TO ^ if #T W ulelTOW TO 11 

(tot) “^tco^ (90)" wt wfero #r_w^ (^f) ^ tot €t=90 t sfe w ’jtoto 3feEr cfc ^fro ^fer ^ lew to W 

^fep ^t#TO TO ^ if 90^t ylelddcp ^t#TO TO fe WlfcTT t; 

^T^feWT : wfe Wtf WfcT 'Jcdl^d WE[fe ^fTO 'fe fefe ^ fcW HTOTOcT WT clW W’ft TOf feff ^ feW ifepfcRT ^MfWR TO 
TOTOT aTT eft TOT :MfWR TO fe fe-ETOT TO ^ TOlfew wfe TOT TO #f ^ feR 90W #feWR TTfrlWTO TO W WTT TOFT W 
W 8lif ^MfWR TO fe 3fe #?T W^TT (TTOT fewff ^ WTOF ^MfWR TO fe WFTT TO^ f<T) I W ^lcT_WJ > (90) ^MfWR TO TO 

^jcWTO srafe cfr fePj to fer w yfriPifep 'sIttIwr to fen i 

fe) TO5 (w) ^ WRfe (iv) ^ feTOcT fe TTfewfer few WTOT:- 

'Tfe fenro wro ffep WTTcff, fes fefewr wfewr wiw (^few), wfes Ite fefew wiwffe ^ffep ^raw 
fen fefe (fefwTwro), fepfen tfeiw wrow ^fefe fen fewf (^-^a^RiriT^) ^ntfe wft fe fetwjro (wfe^) 
fefefet w wmrffe t nw fewfew wnnr ^ww wsrnr ^fe n> wn wfen nfe ww fefefet wffef 11 

(fe ww (w) if feron wwf fe feiTOfer few www:- 

”(ww) "fenw_n^ (<fe)" www "fefe fenw w feftwR nwws few^ wr ^w ffermn nwn" wt wfenn fefe 

fetlW feWT W fefe feWf) ^ FWTOWT feff M ^ fefeWR TO ^ fe WT TO W nfcRTWP fefeWR TO 11 

(ww) "fenw_n^ ( 97 )" wt wfewn fenw^ (to) n> wtw to =971 nw w fefe fiifew fero w fefe fewf) ^ feif 

M if feffWR TO ^ fe ^ 97if nfcRMW feffWR TO WT Wife t; 

^fetrow: nfe fefe fe^rw fero w fefe fewf) if to tor fer wtotoct ^ nw to wfe to tor M ^ fen fewffer 
fefewR to wtrst sr nr to to totr fefewR to wr fe nfe wn if nmnn nw 97 ^ nffernw ferftwR wt wt 
cffe w w 9700 ^ fefewR to fe sfR fern wfe (wfef wn nr wfe wfep wro wfe to) 1 ^ fero_wj i (97) TO TO 
fero w fefe wt nfferfew fefewR to fen 1 
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(FFT) "pr FFcT FT" 3T8M "tM|3TR" F>T 3TfiRTF %T TO FTTeTf FTT TTf%F I RT RTT FR RTTftcT FT % FT TTTFPRFT 
FT TTFTO ftR FTRT FT ^ FTf§RT FT M Ff; 

(FTF) "3-%#' 3f8M "^clleFF FtF 3TetFT FT 3TfiRTF T&IF FT | FTT fM 'RTF fR ^cl'le^H 

(FR%) M1M' FT 3MftTT '^k-FF ^Pck)cH ^(^ild %FT ttcRRT Pf# (^-R%RTRF)' if cilfacbd FtF Ft FR 4 
FFlf WIT tl 

(r) TRCR (3?) F> FFFTTT PHcld TF’F WT 3TF:RTlftF %TT RRFT:- 

(ftft) "arafterfcr sir am 'Tor" ftt atffro ftt Tfrr aft % | rft rtt ftftfr %f, PRifft <h%h tRrft 

(cfReT3TR) FTT 3RJFF % flRTT fftft FM F, FFIRF FR RRFWTT t 3fR RTF! uftiRRF 3TRFT #« 3T2TFT 3jft3TRTRF itFFF> 
if iRF FTRcTT 31% % RlftR 11 

(3RT) "3)qR«lla Fft" 3T81FT "TOTJT?f" FTT 3%M 4RcR*Rd F> %? 3TFfftfcT $F (tRR) F?T FFFTF FRp % 
fftffft cF% % (2 3TIFcld) FT 11 

(FT) %) TRng ^ WT FT PlHcld TTf%TTfft f%T FTRFT:- 

'Fft fT' FTT 3r%R fM FTFFtF TffttRR (F^ TfttRR) Mf%t FT 3TRTTt%T #TT %F TT I ft ftft %TFT wf% 
Fft %ft (f-^jft3TRTRF) if ftfftfTR FtF FT FR if FTF? FRFT t % I;” 

ft) TF’F %) ft FFFTF, ftPFFF FPF % %R#?T fftFT RRFT, FTO 

ftg) '%re>_F%a# (TO, ft)" 3t®raT "ftftatR Fen% fam an^>cPT ft #r if %tf> % ftt (^ftro)" ^ 

3Tf%F TJRTTFTF 3%T ft ftklF fftft ftFft if Tift ftft ft feR %_F^) FFT ^ ^ FFT FT wP^ldcb FTF t; 

W^fFR^: pFFF)_F%a# (TO, $) ’JFFTFFT F?T 3TF^r ^ %F FT^f pFFF) ^ IcR %fP% %f3TR RTT% %TR FTF t cM FF 
F%T t FFT % FFHRT TTfcRM M FF %_ F^(^f) FTF pFFF)_FF^t (RF, tl) FTF ^ FFTF en 3TefFT F% FFT en ; 

(FF) "%TF5-^} !r! ^ (90, 90)” FF 3lf$raTF Pf% F%^t (TO, ^f) F> FM RF = 90 TM = 90 t 3fk FF Pf% if %T 
Ftcff ^ %_F^ (90) ^ 90if FfrRTdF) FTF FTf FFlfdT t; 

^I%TRR : itFFFf_F%^t (90, 90) FF FTF ^cdfchd Fff 3% F> %F FFjyf PsFF> %pT% %f3TR RTT% %TR FTF t RT FF 
FFlfFT t % FFT ^ FTF 90 TTfrRTF #ff ^ feR %_F^ (90) FTF %TFi_FF^ (90, 90) FTF ^ FTFTF 3TSTFT F% FFT FT | FFTFRT ^ 

feR F^ ilcqqf :i JcFTFTF 3TFf§T ^ dl-dd 90 Rdf FFT FFT FRR %f WT FFTeTFRcT efT FT Pcc|<4?_FF^ (90, 90) FTF, FFeRT 

FF FRR %_F^ (90) FTF FF 90Ff TTf%FFT %_F^ (90) FTF %T; 

(FF) "i(FFF)_F% B # (TO, #)" 3TSRT TRf% fcRFR 3TTFTcIF ifFFF? F?T % F)f TO^ 1 " ^ ^ 

F> %F fM pFFFi if % RcRTf RcRT_ F^ (w) FTF ^ %Z if t\ Ff TTfrRTdFT FTF 11 

^FFftFRR: %TFi_F^(RF, ^T) ’JeFTFTF F?T 3TFf?r ^ %F FR4 pFFF^ ^ feR %%IFT %ff3TR FTlfeTFT fcRFR FTF t WT Rt FFfFT 
t 1% ^cFIFH 3TFf?T ^ %TF FFT % FFT tl %RF M ^ IcR RfF_ F^ (TRT) FTF, PFFF)_F%«(RF, tl) FTF ^ FFFTF 3TFFT RTRT 
FTF FT; 

fit) 'PcW_F%w^(97, 90)" FF 3TfiRTF pFFF)_F^J^(RF, ^f) ^ FM TRT = 97 F®F = 90 t, FF RFFT_ F^ (97) FTT 
90 if ufrRTF FTF ^ FR if FFlfdT t; 

%TF)_F^(97, 90) ^cFIFH F)f 3TF^T ^ %TF pFFF) ^ IcR %%TFT %f3TR FFf% %TRFTF t Fftf% FF FFlfcTT 
t % FTF ^ FTF 90 TTfrmF %f ^ feR %TFi ^ RfTT_ F^ (97) FTF, %Fi - F^t (97, 90) FTF ^ TTFFT5T 3TFFT TRRT FFT I 
FFTRRT F> feR, fR % Ps% ’JcFlFTF 3TFf§T ^ %F % %f ^ feR FTT R5TR % ^ FTF TTFTeRRT FT FT %TFi_F%^ (97, 90) 
FTF FFcRT % Rf_F^ (97) FTF FTT 90FT TTfcRTFFT FTF RTFT;” 

(FF)TJF FT nfrRRTFT" 3TFFT 'RF FT yp?ld4) FTF" FTT STpRlF %ff ^TFT FTF if RfT FFT TTF^ FTF FTF FTFT FTF RiffI 
MFFT FFFrf^FFFF^TFTFRRFTFTFTFFTTFFFf uf%T FTF 3TFFT F% FTTFT FT I” 
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'tH°cTl<T>'i u i: ifcRTITO f^fT ^T2T IN ^ ^tcR fcfRft TfcRT ift WteT TTFT TO INI t, adlSTl I> feN iff 200 ^^RffaTR TOT ^ TOIT IN, 
falif life TOT IT 100 If AfcRTeT TOT IT (ifcRTI if) Nlif 90 yfcl^ldcb TO TOT RTOTT FT eft TO 180f INTI TO eM 3TR TOT TOT 
fRld fe'll (200 TO 90 yfddd), TOT Tiff 200 '^I'dlaTR TOT TOT 3TRTft TOT if TOrRTO TO tell dldl t afR TOT e[ fe TRT TOTOTOT if TO 
3.45 ylcRId (^WitaTO TOT) 11 TO 200 ferfeTR TOT I> IN if TOT ferfeTR TOT TORT TINT fflT t^RTOf^t TO ffelllT flff fe IIT fe 
if 90 ifcRTI 3Tlfl TOT ^ TOlRlN fe f 1 % 179 if INTI TO ferff3TR TOT TOT 3TRtff TOT f TOiRNI felT TOTT t TOT 1% pfe TOT 
3TNTO TTTOT 11 iff R(at) ffl TO TOTT Tfl if 3.45 ifcRTI >^l'iil3TO TOT cf TOT 3TOTTO SICI TOT t rfT 90TO ifcRTITO fe Tiff 'Sl'dlaTR 
TOT TOT #PTeT TO^TT I TOT TOTeT if NNT TOT TO TOTT iffed TO TONITTO 3TTO TOTrfT t NT ^ u llRbd WTO TO WTPT felT TO TTTOTT 11 

(3T) TITO (TO) I> TOTOT RfTOTI TITO ITT 3TIINTftN felT RW- 

"(w) "ffeRld- tffep INRR ffelT ip fefe (f-^ffelRIl) ^if TO^T 4flTOT" 3TNTO "f-3?RfeT" TO arfflTI 
TOlfff 3TOlftl RklRlchl if wfeTTOlf TOTTOTO (Tjf) INT Ifffl iflf (TOTOTOTJyif) I> ft! TJTOT Rtl TO^fTOT IT t;" 

(3) TITO (s) $ INTO felTOT TITO ITT 3TIINTffl felT RW- 

(l) TOT TITO (TOR) $ ITORT PlHdd TITO TFT aTIRNlffl felT RTITO- 

"(TO3TO)" ffelT fefe STfl 3TTSS" 3TITO "3TRIRft" 41 3TRlTOT feRRI 3TTTORl ffelf Ip illfef IRT TOTTTRi ffelf feTTO 
STTOT 3TTNI % t ITfe TOTTOR "TO” TOT aTOl felT TO ife |" 

(l) TITO (l) $ ITOTOI PlHfelRsId TITO TFT 3TIIN[ffl i%TOT RW~ 

"(iro) "ffei «fr" tonit "ffe to aTfTOi to ^ t fWr iTOro (roM) 4 tt aroror fTO to 

ItlTTO T^TOT Rrak TOT ^ TOllcId ITT TOF> I TO 5ft ^ 'TOTOS ^(^ild ^%rfT TORT (^-TJ^aTTTOT)' ^ TRTT 
3TTOTT aiTO IlcT inftcT ?T ITOcT f; 

(in) "tf^T ^it irts" 3 tstc(t "^TOt" to 3tRtot 'iRto eiro itoto (^Itototo)' ^ #r? ^ tA totot 

tTO to Rraffer errof tor (2 an ctTO) it t;” 

(s) TITO (l) ^ TOM RrM TITO TOT 3RT:TOTTft?T TOTO 1- 

(s) n iprt" 3tstc(t "^arTro^" to tort to 3tRitot an^T (prols yleiTOd) to^-^^T^ttt tot Rrto 

(anfroiT) to wfn i?r if apjrfer ttstt totot i 5T if tort tor % 1 1 ” 

4 . ip ^Rraif <f ItiRtto 5 Tf m-RiRrti ( 1 ) if enferro if tot wtt to ^teri) praro ^ro into it nii if tori #f tot 

iftfelf TOT PlHcld TORI iM TOT if^felf ^ ifcRSlftl %IT TOW :- 


?FT 

^JT 

cbl ^TFT 

^Hlcb 

^IcbH ^ 3jk McgSfrl 


^Cqcp ^q| c^f ^uiqxll +1IHq>S 

(i) 





(TO) #1 t£to TT'Rld ^|v3H Slfl (itIT if 

feR RIRST I#) 

< 2 yfrl^ldf 

tjto Rliifl <ft araRr # iIth aflid 

3TTIR II 


(E) 'SIv 3 t 1 Cl^ ^ 0K u l ^qlRlcjo I'Jl d^6 

WfeT^T 

< 2 yRlid 

ITO Irlllfl sft anfa cflTH aflId 

3TTIR TOT 

(ii) 

chilcRH T^llRld fldl (ip) 




(TO) TT($d Rl^ TORT 3MT ffaT^d^f 

TOT RF; TOR ^-3N WRIT TOT TOT TO 
TONIT WRIT TOT (dl^'wRT ^ MI ^ 

TOT) 

> 95 tiRTm 

tjto Rliifl i?r araRr # iItm aflid 

3TNR II 


(Tl) ^TT>MtT?tTOI/ !)Rt j I ^HR lifTOT 

/3TRaTRTfT TOItTOT, 

< 1 yfrl^ld 

ITO Irlllfl Eft 31# E^ cfkH aflld 
aTTIR TOT 







(*t) €1 m*i$\ ^ s k c|>\j|^h 

< 2 yfftd 

551 (xIHlft ft 3T5lft ft ftl55 ftftdd 
3TT5R 55 

(iii) 

cftdUld 35J5855 (5K u ftdl) 




(51) ftdft 5^3lft5 55lPl5 Rld5 u l 5N5 

[^cqq)_cR^(90 ( 90)] 

< 2 y(ft5d 

551 1x151^1 ft 3T5fft ft ftlVH 

5lcRTcl51 3TT5R 55 


(ft ftdft ftft3TR cblfelcb 

fftl55 5155 [ft55ft - cf^t# (97, 90)] 

< 3 yRmd 

551 1x15ft ft 3T5fft ft ftkld 

5fftlxl51 3TT5R 55 


(5) ftd'l 5T5TT 5,5951 9lft 5ft^l5, 

ftftfe fftm 5T5TT 55#lft 55T 5155 3ftcR 
(ft3Tftftft) 'y55x5 

> 95 yfft^Ri 

551 1x15ft ft 2fT5lft ft ftWld 3l1'5d 
3TT5R 55 

(iv) 

^d'lchftcRH % (ft3TT3lft) (^551 

ftft3Tft ft 

< 0.5 y(ci5d 

W 1x15ft ft 3T5ft ft 5l55 3fl5d 
3TT515 55 


5. ^ 14 Pi 9 5] ft ftftl95 5 ft 55 ftftl95 (l) if W( ft ftft, m MI 51 if, PlHplRsId 5lftl ft 3TxT:5SIlftxT 

1ft9T FTTR5T :— 

1: 5l1cT95 Tf (i), (ii) afl5 (iii) ft clfcT Tjftftg' 515ftft ft 1eT^ t95lft ft 5T5ST Pftldd ft 5T»fT ftft ft feR 9R9>dd 
ftl9T FT155T fftft 5(51 551x5 ^T ftl5T d lift'd ft5 3 ft5R 5515 ft FIT 5ft t 5ft 5lffts fftm 5T95T 31551 ft3ftd4)s? %cTT 
5515 5lft ft fcR dddld fftlT FIT 515 t; 

'W'^ch^l : 5ft TtcfT 551x11 515T ft3lftd4)4 5(515 55xT5T 5I5ft FIT 5ft ft ft ^-5ft ft ft ftft ft fftj ftftSTTT 515 ft 
(iii) ft cT5cT 5jft5T5 5T5ftft ft fft mftcT ftl9T FTIRR 3jft 5ft ftlcf ftfts ft59 3TT5TftxT 5T95T 555 55cW 9I5ft FIT 5ft 
ft ft ft-ftg ft 3 M ft (iii) ft xT!>xT 5Tftft ft ^xdlftd WtFRlft 5 (ft (cl cl 5ft 1ft5T FTTRTT; 

ffttRT 2 : fftFT 5 3 fft 55 'ftft355 5ft (ftft)’ ft 5jft ft} ftcT55 ^ 1ft 55 5T5cff ft 3T5TT5T xllftl55 3 5[ft9£T 5T5ftg 
(iii) (ft xMT (iii) (ft ft yftldcb 515 ft 5R9TxT5 ft fft IxftdH 315ft ft fft 5lft ft5?f3TR 515 55515 fft5T F1T55T ; 

ftFT 3 : (iii) ft xM (iii) ft) ft 555 5jftT5 515ft ft 5fftcT5 ft 1ft? f95I M ft ftft3T15 5T5 ft ftlcT ftftftftT ft 
ftt5FT 5515515 555T5 ftleT ft ftft 55T 5ftftcRT 1ft5T FTTRTT; 

fftm 4 : fftxl #4)3115 5fftftft 35551 dRcbfeld ##355 515 ft 315551 fft# 3F5 515 ft ft ^ ftftftft 31551 f#FT 5 ft 
ftftffte ##355 5ft ft 355T5T fftftl 355 5ft 3TST5T 5T5 ft ft ftftfftft ft 31^5515 Rftft FT5T 5T5T 5ft FTR5T; 
fftiRT 5 : ftft xTlftf95 4 fft 55 ##3115 5ft ft 5ft ft 51581 fft 55 5555T 55T FfftftfrRTT ft 55515 fft5T F1155T: 


^Wf3TN 

3T%15 

0 K u l 3ik MKjH 


5lv45 dll t 

^ci 0 I 0 ^ 3TT^T fcb'Ml *\n\ ^|[ Rh^ll J NI ^TT ^ 

5? ^55ft ^ d99)95dlft ft 5T5T4 ^55ft 55 5T5 S5| 

553 M 

ydldd 5ft t 

PldlRld 94)5^1 cH chKU| ararcIT 95ldd ft ?5lft ft 9>K U I 31^191 3l9R^l4 
^f^feffrRTT 3\WU WWU W 11 ! IMePRcT 2TT 

ft55ft ^ WTl551xlt3Tf ft ft5T5 5ft ft 1 

1 ^ 5 ^ 

5l5cM 515 54d*l 5^1 

t 

M RRl5T 1495 ft <ft|5ld Iftft) Tid ft ftR ftft)355 ft dR9>dd ft IxR 3Tftftl 
5fxFT15 ft fftftl xTFlftft T55lft ft 5555 5Ff 5ft fft5T F5 5155, F15fft fteT 
^leH^d §TT| 


ftrterrc 55 yR^dd 

PldI4 5ft Iftdl F5 

5151x5 t 3TST5T 315151^151 

t 

5ft ^x5l5d 51 594^9 ft ftftf31T5 515 55 dR^dd dft fft5T dl 55dl 31ST5T 
dR^lxld 515 3T5lftfftl tl 


fft55 6 : ftftmT F15 5ft ft) 3555551 ft fftlfdft, ftftl 555T 3TTftT Fft 515 ##355 5ft ft 5j# ft ft##!, 551155 3TST5T <#5 
515 5151x5 11 
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7 : fftRT 5 if fft 44 ftftft7 4^5 44ft TRa-T fft 44 447ft TO ftftftfclft ft 3TJM 4ft t ft ^ PPpr)' ft ftpRR 
54? ft 44 PlPER(3) 44 vJed'tH 3TJM 414T TO 44 T; 

6 . 44 RP4HI' ft ftpRR 54? ft, — 

(4?) 44 ftpRR (l) 4 Tift, cprft TO ftft ft WTO "ftpRR ( 5 )", pRT44 ftT ftlTOftcI ft?4T TO 44 T:- 
(i) "ftTfftR TlftftT *1 lifts) ft 3M4T 3lftcT P444)_4%^t(90, 90)" TO P444)_4^t (97, 90)" ; 

(71) 44 ftpRR (l) ft 44TO pFTO 44 ftpRR 4 ft ftTTOfftl fft4T TORT :- 

"(14?) 4ft ftft ftRJeR fttTOcT ftfl4?H ftlT 4TOT, 4T444 ftroft_4%^ (90, 90) ft fcT4 ftRlft 44 TO 447ft ft 3T7T4?4 

tot I, ftrft ftftro ( 5 ) ft 44 fftftro (i) ft ftftftw Pro to t, ft to 5714 ft croftr ft) PrftH aft to! tott 44 ft 

TO4 anft arftftro sttot Pitot tort PrfftroT tort ft 4 44 arft^r, tort Rift ft ?4 44 ftftft 44 4ft4?eT 4HT4 4ift Prt, 

ft4T 4TOT TO 4714ft pRlft fftfft ft 4p[ftfft4 4# 444444 ft feT4 ftftft Pl7?77TO4 ft TOTO ft 44? 4# 44 'gTTO 
4?ftft, ft ftft ft ft dlldTI ft TOTT yRuldd 4# ft 3TpR? 4ft ftft: 


^cqcr)_cf2J(90, 90) cfTT HR Pl^iqa WZ vjTT^ 

raftH PkcTTOH 4?T 7l($l 7>yi l i\ 

2 yfftld ft ftft? 4 yRlTO ft ftft? 4ft 

3TfS|0d^ ^0 ell'isl 

4 yfftld ft ftft? H7d, 6 yRTO ft ftft? 4ft 

ft£)cbdH ft cTO 7>MH 

6 ylftld ft ftft? H7cJ 8 yfcITO ft ftft? 4ft 

3?f^l0d^ tfh ell'lsl 

8 ylftid ft ftft? y^ 10 hPito ft ftft? 4ft 

3TfS|0d^ ^\i ell'isl 

10 yPi^id ft ftft? 

arPcbdH oft diy 7>yy 


TOlft fft ftft ft4T 4TOT dHIdK ft 4T ft ft ftft? frPftftft ft #TOTft 44 TO 4ft 4474T t ft TO fftftft Pl7?c7TO4 ft TOR 
ft 44? 4# 44 ifTTO 4?ftn ft 4TO 4wTTO ft fft Pftft PFR7TO4 ft 4^T 71 ftft? 4ft ftft ft4 pftft 44444 TO 
44lft 44TO fft4 4fft 4lft 4?ft? 44444 ft fcT4 ft ft fte!44 ft Pftft pTTOTO ft) Tlfft 3lPl4?TO ft ^J4T ft ftft? 4ft 
ftHTI 

44lft TO ft ft? 4Tp07 u l sTTTT Pftft Pl7?77TO4 ft 4M4 ft fftTft ft Tlfft ft '§4414 ft ftl4 4>ft TOftTT 44ft 4ft ft?4T diyHI 
4R44? ft? ftc^44 414154 ftftftR ft4T 4TOT 4ft TlfftTOT TO 4T4 44 414444 ft fftTOT TORT 44T Tift ft fcT4 TlftftT 
3R717 4ft fftjT TO ft I 

(143) 4ft 4?ft TRqTO 414154 ftefrpR ft4T 4TOT, 41444 ft44ft_47J^ (97, 90) ft fcT4 fTOlft 47 TO 447ft ft TOTOeT 
TO t, ftlft ftftlTO (5) ft 44 ftpRR (l) ft ftfftftw ft?4T TO t, ft TO 5714ft dl^Pl 4ft Pl4TO ftft Tift TORT 47lft 

to TOft arftftro tort Pitot tort ftftrof atsrtt ft4 44 arftrr, tort TOft ft?4 44 Pftft 47 4ft4?4 ttot 41ft ft4T, 

7I4T 44T4T 4T7T 4714ft fftllft fftfft ft 4fftftft4 4# 4TO4 ft feR ftft4 ftftft Pf747TO4 ft 4W4 ft 44? 7# 44 yi4R 
4?ftft, ft ftft ft ft ailc10l ft 4?4 iR^lcia 7# ft ftft? 4ft ftft: 


(97, 90) cR HR PHqa WZ vjii^I 

rafty P^rtTOH <ft 71P17>yy ft 

3 M(cl4ld ft ftft? 5 yPlTO ft ftft? 4ft 

3T^I0d^ ^0 ell'isl 

5 yfftid ft ftft? y^ 7 ylftirf ft ftft? 4ft 

ft^icbdH ft 4 to 7>yy 

7 u(cl4ld ft ftft? y7cj 9 yPlTO ft ftft? 4ft 

3Tf^l0d'M ril-1 ell'isl 

9 yfftid ft ftft? y^ 11 yfftid ft ftft? 4ft 

3TPcbdH 417 dlTsI 7>yy 

11 yfftid ft ftft? 

SrPcbdH 4T4 dlTsI 7>yy 


Wft ft? ftft ft4T 4414T TO4R ft 4T ft ft ftft? fclftlft ft froft 47 TO 4ft 4474T t ft TO fftftl Pf7?77TO4 ft 4TOH 


ft 44? TTfft 44 HR4R 4?ftn ft 42R 4eftR ft fcR ftftft pTTOTTO ft ft ^4T ft ftft? 4ft ftft ft7 fftft 4TO4 TO 
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TOTFt WTO fa? Ffe FTcf TOfa vJed'tH FT IcTTT ft fa FpTFF FT ffetF Pl^oHI^H Ff 7# aiPlFFTF Ft ?JFT Tf 3TP[FT Fft 
ftht I 

FFltf TO ft fa TTTpfFTFF FT7T falk PlTFTTOF $ FMF 7t ffatt ft Tlfa P ?JFFTF $ fcT^ Fff 3TfaT Ffe Fltt faFT FTF/TT 
FTFFFT % ^eN TftTOeT faffatH far TOM fa FlPTOF gTTT TO TO TOcTFF F> PlTFg 3TFFT F?T 7TOT ft fair FfaTTfFF 
3TF7T7 Fltt falT TOT fa I 

(IF) fafa pRFTTOF fa TO P 'JFcfTF fat TOT^ FT# F77T 71% faff TO ftpRJF (ifa 3ff7/3TFFT (iTO) fa TOF nffafeld faFT 
FFT FT, fam ft FlFcTT Ft, TO fat fddfa F7T ell<sl 7>TO fa 3TpTFT Ffa faft I 

(IF) fafaTOT TO PlPlFF (lF>) TOFT (l7l) 3TFFT (IF) P TOFFf fa 3T^7TT7, fan ft FlFcTT Ft, if FFT Pi Pi fad ^JFTO faf 
TOT% FTcf facftF pRFTTOF fat 7Tfa fa TO fafaF PlTFTTOF fa 7# 3fefar FpFT, Flfa TtFT TOFT3p FT7T TOcTOT F77P? TO 
FF7F aflRlrFff FFT TjfarfaFF fa I 

FFlfa TO % ffa FTFcTT (fPPfPt) fa 7TFF if mfeTOF FF PlfaF afpPT FfFT FFT TtFT TOFT3p F7 FTOFFfa FTFT I" 

7. ’JcT PlPlFff fa PfpRTF 6 ^ TO ftPlFF (l) if,- 

FTfcTFF if, pFiFF 3TF#f, Flfaf FFT Ffaf faT 3TF:TFTfaT faFT FrP?FT : - 


TO 7TTOT 

^T^TFT 

tFFTF) 

2 

^f) Phi fijh fito (aiK^d-ft) 

4 fa 64 


fa) TO PfpRTF (6) fa FTOTF pRFcT TO PfpRTF TOT 3TF:7 FTPf faFT FTTTOI- 

(6FT) faFT TTFTFT TO 41cTl^7H fa PfFF) FF FFtMcRTf fa 7TIF 77I7TOF FpFT fafa FIFTFR #T ffe fa 3TPfF7 7TFF fa feP? 48 fa 
7TFFT5T FFFT TOlfa 3TPlFT fafafa fefTO FT^F 3TTTO (aTTTTOlfa) Ft 7TTF TTOpfaPd ffaFT FFT FT I ^FT TOFT TOfFT faffaTT fa 
F^FT Tfe fa fcfa aTTFfe^t FFT 48 fadt fa 3TpfFT TIFF fa fe^ 7TFTF FFFT arte TTOf fei? fan FFFFT FFFT FFpTFFT FFTFf 
FF TTOTOTF FpFT FFT FTPiFTOr FFFT ?7T^ FlPlfF ifePTOff FFFT TTfrlPlPlFf glTT FFT Fffe F7, fPtoT F> feR ^ TOTOF 
FTOTOTI 

^g%T ^FT7 ^Fj, TlpTF (TOTt) 
[%TTTO—III / 4 / F7TT. /192 /17] 

ftTOF 1: TJcT PfpRTFf F>T farfFT 20 FT^, 2009 F^t FpfTJFFT 7TTOT 305-25/2008 -FTJFfTOT F> TOFF % FT7F ^ 7RTO, F7TTFT7F, 
FFT—III, 7TO-4 if faTTFT 20 FF?, 2009 TOT FFFPtF faFT FFT FT I 

faTOT 2: ^ ftpRIFf TOT f^TOTTO 7 Ff, 2012 Fp FTFTFJF PcftWlF ^FT (FTFTeTTOT) FFT 717^17 FlFTTOT PefettF ^FT F?T TtFT ^FFFT P 
FTFFF (TTFtFF) PtfalF, 2012 (2012 FF F7TFT) Fffe TO TTFtFF faFT FFT FT I 

faTOT 3: ^ f^TOff Ftt faffa 8 FFTO, 2012 Fp 3TTFTFJF ^efettF pFT (FfFTeTOF) FFT #5JTO FtFT^T PefettF TIFT Fp ^FT YTFFT P 
FFTFF (faftF TRTlFF) PlPfFF, 2012 (2012 FF FlcflTOi) Fife TO 3ff7 TTOlFF faFT FFT FT I 

faro 4 : ^ PrPlFFf FTT faTTFT 21 3TF7F, 2014 Ff aTTTOFJF PcfetF #T (FTF77TTTO) FFT feTOJeR FfFTTOT PcfetF ^FT F?T ^FT ^yFFFT 
^ FTFFF (TTcftF TTOlFF) PlfalF, 2014 (2014 FF FTTOFT) Ffe TO afe TTOlFF fan FFT FT I 

faTOT 5: ^ ftfaFt FP falfFT 15 3TFFF7, 2015 Fp 3TTF17TOT fafalF far (FTFTcTOF) FFT fa^TT FtFT^T fafatF faT F?f faT ^FFrF 
^ FTFFF (F^?t TTFtFF) PfpRTF, 2015 (2015 FF 3TTFFf) Ffe TO aff7 TpTtFF IfalT FFT FT I 

faro 6 : TOFFT7FFT WTF "aFFTT^T £#fa faT (FTFTeTTTO) FFT fa^JeR FtFTTOT fafatF faT F?f faT ^yFFTTT ^ FTFFF (WT TRTfFF) 
PtPlFF, 2017 (2017 FF 4)" ^ fa^F 3fl7 FFTFf fe 7TC F57FT 11 
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7545517451 1454 

1. 

5,771417 # ff ##44 54# # ## ip WI, #51 TT^mT3Tf, 544t5753ft 5> f%cff 4ft TOT 45741 TRTI fTT # ft 5517) 

tom # 4ftoi 4fr 5415 tt# # #?5 # 3#tt 734475 # tjfi 11 4177# 555517 ##1451 mtom 4fr ## 55 57*5 uritoto 
to KM3fr sm wtw 5755 to tor to 5>t 54575 44 toto 4mn t 75# 5771417 7555555# 4ft 44? ton tm TiTtown 
to 4ft ■yncmT (cPJ3Tto) 4571 Ft I sfto^k 575517 to (3Tltoj) to 4ft 5 t 4575 4ft fTT 4444 4tolto 4R75 t # 5F "5771417 to 
4ft tow 4ft 714575 t #7# to # tomto 4ft torfto ttsit stoff# 3115444175 tor #5*2 to 4ft erw Ft 1" 

1.1 7545571: 5M# # F7T 71## % 5# 517# 4ft 3551 4ft 517# t #71# 5541575 44 to to Well 4ft to^ 5571 517# 4ft to 
53555 Ft to m# tofto tomto 44 to-to 7# 31444 4ft 4514 to 1 5773 417715 ft 4441441 4ft 4414 4ft to to - # 
to # to ff 4m44F4 to to toto 44 44414 517# # 414 # 575 44441 to 444T45T 5f 4m 4F 575 tei# # #5 

4to 55444# 4# #7# t # 551 35p toto 4ft #513# 4ft 57# #t5J5 to 4444 # 3#to 31441 514 #7#55f451 to 4ft 
441447 11 

1.2 4Tto4 ##51451 4rftom 4fr 4177# ^m4R RiPi4i4<4 4iftom 3itom, 1997 # tifti to 4# pi475 f### 

4to TM to 4ft J J, u l4x1l 'to to to to 44443ft 5m 557W 51715 5# 4TcfT to #513# 44 344lto toSRT 

4to 44 3ft?fto 4T4T t 75# 4444443ft # toft 4ft 454 4ft 44 to I 

1.3 4mto <^toK ##51451 4ftom4 3T##54 4> 34^44 5#5f # 71F5 31# 417# ^ 557# 5> #44 ##5174 # toto 5 

fgto. 2000 ^ '34474J4 7M tojeR 4#F51 toto #4T3# 4ft 335575 toft ##54, 2000 4fr 3#to4T #5TI ?4 
toto 44 to4 5F 24 #- 

(47) to 4444 sfm 44444 4RR to 41eft to 4ft pT575 7M 444144# 4ft tot 55T 355T 4# 44 3lftl4T17 
t, 44 TJW 4# ^4 444444 TITpmT 4ft #lf# to 4R4I; 

(# to 4444 5m 7744—444 47 44444 44# # #5T 5# pi475 44 4T44 744 #54# 5> 744 444ft 7Jc74T 
5>74T 74# 55#4 4> 757 44 Jptll'cM #5T 55 7#; 3#7 

(4) 744PT7T: ^77t4T7 to3ft 4l 444t4743ft ^ #tf 4ft 754 4R4TI 

1.4 7T7W47T F4 toto 4ft to 3ft7 Tito 4ft # 7MT 4177# ^77447 toR444? 4flto74 ^ TJc#, 2005 3 ?4 tosff ^ #4 
to 4ft 441474 4i4to 3 7fto4 tot ttor i 4^ 2005 ^ tot to 44 toto 4ft # 2008-09 3 3# 34: Ttotsrr 4ft # 
7T4T 4177# ^77to toR4447 4#4m4 ^ 4#, 2009 ^ 3MT»j7T #tt4# to (#47 44F4) 7M tojcR tolFcl ### 

to toto, 2009 tor to i 

1.5 # 2009 # #1 4ft 4,4441 Itorto 7tosi4 #, 2012 ^ 7T?#4 #41 44T 4T dl# 3#t #131! # f# 4144# 4>f 4444 
#51 44 7# I 47457, 2012 ff 4177# ^77457 tol5414> 4#4m4 ^ F4 toto ff 31^4414 ##t to 444 4# ff #T5 
4#, #1 4ft '5°T474 4145# £5 #4#T 44 31541414 4# #4 to to 4ft 55574 #4154 4ft 5777T #ft#4 4# # #4 
## #5771144 4ft TlftolTl 4# # f# ft## ^ toto #511 ^ ## #57744# to 4177# 5771517 ##144! 
TlftoToj gfm ftf$R to 4ft 55574 tol4#54 #tol fto# # 4454 # 44#5 4ft # 44444# # 34517 47 414151 451 
#7# 5F 474 5c4 # ^75 to 45174 "517-517 7p ftf# 4145#f # #4 to 4ft 55574 1544# 47 7171 4# 5717 # t 
744 4177# 5771417 tol51441 TlftoTR 5m #4 45 Wl# # 5154J5 to 7141747 4# 5517 4# 4151 4511 FTT#?, #41 
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cf?T gRTO Iddldfl 1 dR RIRT d#f TORi| d> fcR f^d PldxRIRd TOR TOl eft aHd*dcbdl 11" ddgRK, dlfldRR if dd Pf4d 
feldT 1% RtdT dff gdTO fddTdff d> TOT RtdT ddRTTaff d> Pltdidd ^ #T if ftrftd pRRRTTdd d7T eTP? TOf dff 3TTd?ddT?fT sfl 
dlfo TO RPlil+nT cf5t ddldddRdl cRIT afield dfl ggd fodT vjfT RTdt I 

1.6 ddRdld 4ddld4 dR RsRT TORf if RtdT ddRTT3Tf gTRT TOT dft dTT R^| ci||c|sdRd> RRRdTaff dif gR dRif d> feR 3RTRRT, 2014 ^ 
ftplddf if xftRRT RRTldd fadT ddT I dRTRdf dd PlRdR 3TgdTTO d f%R dTRf $ gfedd afR aite PldRdT dTdd TOt $ feR 
TOfid gR-fdlR RRdlHcb dTpIdRd if dR-dR 3TgdlTO d ftR TOT cfTef dldcff if 3TpldT fMd ARkRIRH dd Iffl dRcT |d 15 
aidridR, 2015 ^r ftftddf if gd: Ridfidd dR ftdT i 

1.7 ifR-3igi|ITO dt dldcdf if dggRRT dRdVl dff PldPtd ftdRpft afR fctxfRT PlRicRIISd d> RTRT ’ft, TORFdaff dff RdRTd dgafRRT 3flR 
eTSRfr ddel d?l TO ^ ftdRf dd R^t t RTTd TOldd gTRT RIRId gddrTT d?l ^ Rlcbldd 3TT R^t t, ?Rdd 3?af dd t % 
gddrTT dd RRR a|RTT % wflWT dd ftdfTRT t, f% TO|i| 3igdd fodT t Idd^TTprfrtftTddRtdTdff g u lc|cdl df dRT 
dNdu-d $ f^d^T 2TT, vTTFf RldT TTTOTT 3TTdcfR 17 3lPtdTm dg3TtgRT dTTOf d> feig dfajdT dTddTf cpt gRT dRcT sf I 

1.8 to g’sgft if dftdT groff d> fcig diror dff srfcigftf dRif $ gfero drPtdRR if ^i4dPi4> dRFref fadT afR I^trr 16 

3ldgdR, 2015 ^RT “gRRIdTR wfftdT RRSRT (^cIT 7RTSR) f4R[7R, 2015 (2015 dTT 9)” wRf fodT | ^ RRlddf ^ W1 ^ ^RMR 
RR1T IKTdiaff cRT TRTcT TfRif cTTeT dlg^l efff IR^5 TRfcT ^ ^FI I?1^, g^fj i[ atted^T #T ^tef tg WJ dff d^gjef ^if 
TRan^Tfen Wl Tiuft, ^RFRfRT 'dldldd if ^T RRddf ^ RRRT TfR f^dT STTI 

1.9 gRx dd 4 t 3T vdT 7?T SIT % ^Rr^T 7PJ3TPRT iRffldf ^ feeTTO ^ K#T afR dxpTRCTaff gRT 3Tg# gRcfe ^dcRx K#T 

$ 4Rr ggr wrgif f^irad 11 ?tt ifiv^T tot gfr gd^ror afR Tmite ggafnRT dTOf afR ^FfteTf gfr arror g?r fen if 
3TFf d^if d?r aTRTOTdT t dfr dffed cTSdf dff ITM dRif $ fcR %?R fdf^RT Ff TOT 11 df dgaffRH TOfff ^ MRd dR^ ^ 
feR rflTOT Drioy ^ arg^R t afR dd ■gRrfRcTd 4Rdi t f4r ^ff dM0i gif ggr Rbdi tjtr di% gRtdR 'fraT efr ^idiibiaff 
%cTf dff 75TT Rf RRf> I digdK, ITTfeRR if f^f^T dgaTRRT dNI-Sl afR dTO, dFT dTgfef §rdlR d>f gd ^RdlRd dR^ Rdf^cT dgafflRT 
gRRdd dRir ^ feR ftPRd 3Rd ftdTRTf if ftR Rf t^RM f%dT dT% TOff 7^ RfcfT cfTT aigdd if gdR 1%dT TO RT^ 

1.10 cRfald if Rfggf RldT SIR df feR ^dT dff dWIT RTdsjf dldd^f dd gddidTd fodT TO RFT t 3fR eTI^ffRTgdT ^dT did (deRRR) ^ RdR 
dR RldT TOTTaff ^ dTT#RTTdd dd gcdfdTd dRif ^ feR g^ d^ if dfcfftd ^ RlRTdd dd afRTd Ridded TO 11 dRg ^dddf ^ 
afrFfcT ^ ^R/RSTTd RT RTdTcf t TO dl^Rf'Hgdl RtdT did ^ 3RT dFlf dff gdldT if dcfdld RldT dff ggidxTT Rpfsjf dTdd^f ^ aMR 
dR fiRTIdd RfdfdTOT d#f ?f RTdTdT 11 

1.11 TfRdft) dRIddf dR if RwlRI taddTtf^dld^fedffeTfe (MaTR) dd 3TTdTeId Rfggf ^T dd afRTd ftddcl dR 1%dT TO t eft 
12 dte Rl a#ldT 5f%f^gaTeT 7RT gfRlMdR R^dld (ftfRRT) 2 dfcRRT Rl 3Tf§RR ddcT fd fe' dff ^RdT ^cT t afR TORT 1 
dfcTO 4^fdRT 10 dfcT?I?T ^ 3Tfer ddeT #T dR TOTrT 11 ?R# f4d%T, dRfald gTOR TOTTcff dR^dRddTdeTTftT^rir^erddeT 
#T dR TORT 0.7 dfcRRT sff dflf% Mfer tddTdf ^ ddd?l ddT 11 dRTffd gRRidR ftftTOT dlfelRR if ^T ^ 63 TORf if gRRRTR 
RldT ddMiarf d>f ddcl TO ^ ddRT dR^ 7^ feR 29 ajcTlC 2015 dfl ft^dT l^dT 11 dd RwIRRffd t % arfeddT TORT if gRRTdR 
RldT ddM 2 df^dld dff ddeT TO dR ddRT dR Rif t fuRRf MRrl PlRKH #dT afR ddldrlT ^ 3TgiTd ^ 4fd gd: 3TcR RTO dT RdT 

tl 


1 andTRgd t#RRT RldT (dTdR TOd) TO RldgRR dfdTTO ^dffdfRT ^dT (flRffd RRTldd) d?l RldT dff gddRTT ^ RRTTO RTdsff PlPldd, 


2012 dd TdRTOddT dlTdd I 
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1.12 %JcI1 %45> 4> fevrll^H 3% 454 ! F544 51 -NR 41% 51 54 3141 gl 4514 WH 44151311 % %51 % l! 555 f%T 4T 

4455 || %g4l %% 31% %% IT %4R 444T f 4% 54? % %T t %44> W l! 4511 4% %4cl Mil 4> 
3W U I (31% 4)4154 5%) 3% <j%4K % 4414131! 4l %% 4> %4 %g % 11 4IHRId: 5%4? %%4 if % % 545541 
%! t %% TT 4?% 545^ 31% 4x|% % if f%gg WIT 3 31% 4!%! % % 54)4 4?% 11 ^ %% 4> 5%F4T 

3144-3144 1%! 44 41cT ft, 314: 4% gffl 4!! 44% 4% '4T44 44% % 3554 if 54? ^1 54% % 4% f%T 44144 11 5% 

4% % 45 35J44 441 4444 t % fM % 4154? g!4 % % %T % 4^1441 m 31 ^ r ^ ^ITO? % 4 % 44141311 

4> f%144 44 %1 4?1dT t %44> 314% 45 4154? 44% %13Tl 44 %4 414 41 5%414 4?1?5 11 441%, 41414 *1 4% 444T if 
441441 31% 4141541 4% 44 %dld 515T if %I5 44 45? 444 4> 3TcT14T % RlRlt 14141 IT 444 4% 4> %5 4% t 45T cf 
31441 3lfe% 444 %IcT 11 44151415!, % 4154? % 3% 414154 4% 44 5%M 31%?%: 41 41 41 3% 45%T4 41 4?4T t, 
44 41 % %% 5445% % f%TT44 44 #5 4414 444T t f%4> 4?%% 4> 314% ^ %5 4514 f%T 11 44 44)441311 % 
4l%4 A 54 5Wfr % %5T %544 % %%! 45? 344 44141 if %% % 544% ^ %41 %TT44 gRT % % 4T 445ft 

tl 

1.13 4lf%14 if %4i4? 16 f%41, 2016 44? %5R% % f%#I4T 4% §5 %i4? 5 31414, 2016 % 3Mi % £§ 

%% m rftfwn %%% R^T'll 44% 44? Wr! 44 4% 4% |5 5H 44% if 44? 4Tft%4? 44% %5I 
411% 54 4> 441 if HlfeHR ft 13 %4R% % %5%14T 5151 % I f%14? 21 fftl551, 2016 % %% if %4R% % 414 54? T|cft 
% % 4% 51%4?14 gRl 54 f%44l % 31% 45 % 444 51% 5%4T % %4 %4R% % 5151 %#% 51 fftgR f%41 
44TI 

1.14 51% 54 (#ft) if IRpH 414154 %5?R %T (#%%) ftg %% % 44% %4T 55144T 414% % 4%TT % % %#f% 
4514% % 4415 45:- 

(4?) 4%T4 %44) 44% %4T ^4441 4144?! 4?1 ^:5%4T% 4?14T 

(i) 45-%4T % 31% 5%% (cTFT 1%%4 4#5 5%)/%4^ (f^leir gi5544)/441/4?14T/%!54) 411 51 %4T 
451411T % 4% 3ftl 44% 414% f%f% 4?4T 45 %4?c5 

(ii) %4 4>|*4% M 3441 (%lM54) % %44 415%4 %4T % (5^445) % 411 51 3P14T %% 411 51 % Ml 

41%FT 3441 (%%%) % %4 4% %5 41 % 544T 4% |5 4% %5 41 414% Mf% 4% 45 %55 

(iii) 414% 3fR 4T4%1 4?1 44?%4? 31% 44% % % % 5%lf% 4?% % %c5 

(H) %4% 4%! %4T '5°144T 414% % 41% % %5 31%44 4144? elPJ 4?14T 

(i) 344544? 3415% 414% 3% ^541 % %% 4% 45 415% 

(ii) iMsm %1 %I44 % 4444 % 454 %5 41 % 4441 4?% % f%?15 3% 54 5%54 414% 

(4) 31J44 % '5°144T (4^3%) 5%54 ^ 4154? ^44?t4? 3% % 1Jgg?Tg? % 444T 4?% % 4?% n 4% %!f% 4?14T I 44% 

444T 4?% % %5 34%% %-%% % % 5544T 4R4TI 

(4) 45?f PliMKH 3% f%% 414%! %[ f%4 Pl1>cHI6H % 5414T ^ 34411 51 54? %% f%4 PU>R1I6H 541% efPJ 4?14T I 

1.15 45-%T 1.14 (4?) % 4151 44T5 45 411 31% 45-%T %, %%% 4414 %%%, 45 %1%1 (%%% 31% 4T5%1 

% 5%1% 4% 4%) % 5%1% 4% ^ f%?55 3% 45 4144? HTT% 4% ^ %5 %4 4541 % (%%34l) 4T54 T! 5 % 
1 J%4?4 Igfd ^ 44% t 54 4% 4T1 ^ f%%°l 3% %%3ni ' I J%4?4 Igfd ^ )J4: iRdlRld 4% f% i<4d %f. 
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^cFl'chd 3R[k, ^icbH cf) feR ^Fd fkj FFT FeT T-fiRhkd WTT, FF kktFT 3k #cFTlcfj (w) cf5t FfknkF FFf cfft 
3TTFRTFFT t, Fft FRRF kk^FTkFR^FTFFTTRT kfT-2 % kT-7 if fkTR-fkk fkTT FTTFT FlflF I 
i.i6 FF-kT 1.14 (eft) 3k 1.14 (k) if #rt kr fr gi ifks fcifik fkFrrrgF, srrReik kikcr tif fft k ffff ftr ^ft 
k J^l'cM F> feR TM3TR 7&T fil#I 3k FRF ^ftq ^1 chief) k FTF if FFTT: kT 8 k kT 11 if fkTR-fkk fkTT FFTI1 

2. FTcf k (3tT?l3TR) 3TTFclF k q<l*iM Fl4 M u llcfl 3k TTefkcT ^ 

2.1 FTFRf FF if FFR FFgTPTg^fifTfFFgRklT FRFFT FFlk FT #M kFTeT FT TIF FFTFT3TT F> ifF# FT FP} fkFTFF F> 
3TlFclF k kFFT FPJMIcfT TT TTeffe FTITMiT^klTSlFiTFSTT 1 ^' F#f FT 3kFT kFTeTFT kef #T k' FFTF FT 3klcT 
ftFTeRT F> Mk FFTF F> FT FeT fkTT I 'FTeT#Tfe' FTFF F> 3FFeTF ^ atpTTcT ftFTcTif k IRTTcft k kf ifFFk FRT ?F 
TIF FRFTT FFlk F> 3T1FR FT FP? fkTTFF FfkfT k TTFFT t FR 3RIF kTT/FftcTFT if TkitF TFT FT FRqcMi k FWF Ft k 
FTTTFtl 

2.2 3fRTF t TTFfk ^ FT TTF1FTF FFT FTef kFcFT if t FF fftFeF 3klF Ff IkfT iffFlfcTF SfF 3TFFT FF TTFFIFk tj FT^ 
f%F FT TTFFT 11 FFRTF t fcR F'J’t kfT SfF t W FT FF-TtF kf FT sftTTcT ftFTcPT if FF FF-TIF SfF FT 3fFT sflFF 
FFTF Tfklfeld FT TTFcT 11 fM FF-%1T ?IF ^ FFT if ftfffF FIFFFf fF# 4)f f^FTpff ^T FFTFTTFT Mf ^ PFFF FFT, 
FFTF FT FFFF FFT ^ FFFf 3ffc ?F^ LfRuiHTcl'h'T i|?FT #IT c|)f F^TFtTT IjPlRdd FFT if TKIAIdl FIFT ?T FFrit 11 3flFF ^ 
FFF FT FWT FFf FeT 3RT f^FFT TtF ^f ^FIFT FFFf ^ qi[ FFF’Ff it\ TIIF 3ffT F^ Ff^TTRcT FFTT ?T FFcf 11 

2.3 ^MfR 3TTFFF Frff^ ^ Feff^F FTPRf FF if FFF FF ^T % ST - 

(F) FTT FTF F)f 'T’lcraT ^ FRFFT F5f FF FtF ?IFf e^ FR (eTFT f^F wf^F fRf)/^F^ (RlFT 
5TFTFF)/FFT/FTF/'^fFF) FF FTF FT^F F§TF FFFf ftcTFT? 

(TJ) FTT FTF ^TF FT FFF tM#FF FT FFF FT%F? 

(F) FFFSf eh F chi FT f%F FFR gF^TTT FFTT Flflq? %TF^ FTT ^ F%P 3k ^f FF FTF F%P? 

2.4 cTl^'tiHl FT FT 

(F) FTPRf Fit Ff?t)F ^ ^TTFT, #IT FFTTIFT 3k 'HFTF FRt ^ WRF TTR FT TlF F?T ^RFTr FFf 3)f F^FT FFcff FT wfa 
fkfTI 

(Tl) 3tk ^?Tpff ^ T1#I if FF fk F? FRF 11% 

i- FFF> fkfFF ^ F^T F> ftfkT FRFf ^ FRF WRR ^ F>ff FFT if PF FFF ^IT ^ TJFFTT FFR F9FT FFF F# 11 

ii- FRF F)f ^FFT if 3RT wff if FT #1T ^F RR eft kwiRbh FT Ff^ 3f'd^^F FFf F#f FPTT FTTdTI 

iii- TTTfeRF FT FT^F F FTFT ilF# FTFFT ^ FWT FT afft IklfifF FTFF kfclFf ^ FWT ^ ^ FFFTTTRF M F?f FFF1F 3T^ 
^f^FTFFrittl 

iv- i)C40l FT FF 'TIF 5TF kj rldK Rbdl FFT t 3fR Fef^TrffF 3RTF RHell 3TPTR FT cidK 3RTF FTPTT Flff FFT 11 'gqR'dlRd 
FFTf FflF Mdei FTFM Fff 3fgFcIWT, FF-TtF 51F ^ ftPkT 3TTFR 3k ikflRT F)f FFT 3Tlk I 

(F) FF 'kTT TTFTFT FT ^?TTF FT 1% TtF kf ^TFFT FFFFf k fFFTfkT if FcRTR 3k kkRT TFT FT kw FIFT kip I 
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(4) #41 irtmt # "3 4#4i3 tt 3i#4? 4# #3 44 4#r f# 343 43i#i Tier" 313# 3133 #t 4?##£r 4?l 443# 43 4pw # 

#31 

(3.) <Wel #3 # ■HIM'^I 4> 4# #, #41 M<?l<1l3Tt 3# xSeiVl 4# # #c|d #41 #3 434 34 'Cl^-H 434?t4ife #vfl f!44 (###4# 34 
#41 4# 341431 3134# # 313# 44 #41 44# 4R3471?44 # 314134? #4313, 334 4141# 3# ## ##3 4?144# # 

4344 '^[eT 41#f#3 ## fT4T (#t##4# 4§3 3414 # 41444 t, 44# ##t#44 # #431 44? ##T 4# # feP4 4 #4?4 4134 
431 # #34# 34#3 4#3T #3111 

(4) 4^3 f#14R #4 341313lt 4# 414 43 t # WW 444 44 ##433 #34# 4 #4 #t 4^14x4 4# 313# # #3|41 ##43 4# 

4# 4431 444 I 

2.5 # 3)diqi 3R1 IBcRH'i#! % 4JS1T4 

(4?) 344 ffkWKcbi #• 444 4pi41 # ###1 434 34 4# 4# TJ44f4 4# #14# 3lf#3T t 4## 4? “##4 3444", 41444 3143 # 

#41 4# 'J u l4x1l # 4414, 3f[4 #4 43T3’ 31441 43414 #41 St# 44 # £414 4# 41444 4?4 ## I 

(4J) 314#4 ^4#414 ##444? 31#l?44 # 4T4T 4#f4 44? 333)431 41434 # 4331 #3 4144# 3# 3114141 4# 3^1431 441 #3113# 

4# ##44331 # #4#1 3134# #[ #41# 4# 4?31 4?# 44 4p74 #41 

2.6 4144 4144 4? 3SI # # 4J5114 # 44 4# #4#4 3###, #1, 33# #4 4444# #1341 4# # 31#31 #41 44 4# I 444144 
4T4#1 4441441 41434 # 4? # 4p4 #4 # 4# 4# ^W41 4# '#31 41##3 ## W44' (###?# # #413 ##4T 444 44 
313T R131 4lf#31 

2.7 311# 43# # #, #4#3T14 #31 4# 4114 4# 4?441 3# ###14 #31 # 44441, 34444 3# #1#3 #144 4? #3# # 4# # 3f[4 ##4? 
411444# 3F3 4?441 44## #411 341# 44413 4# 4?4#; 41 4#3T3 4144# 4# 3# 4# 4414 4# ## #Pc# 44 ?J3#4?3 #41 
4113111 34g444, #4fe#3 3141 # 4W 4?4# # #4 4747 441344 f#? 33 t 

(4?) ##441 434 44 ###14 ^33 4# ##3 #144 4## 3# (i) ## ##441 # 4# 54?15# 4> #4#344 ^3# 3f#T3 f#I3#; 

3#4 (ii) ^5 4143 4> 44313 #4# ##441 # #4#334 ^J33f 43 ^3: 3#413 #433# 43 4#3R; 3# 

#) 31154141^31 #41 513 # 434 44 #41 44131 4? ##441 # #N143 43 3#413 #433# 4133 437 ##441 # 3#31 #4143 #t 

3441^ 343 ##44T # #34 #W43 g!41 #41 34 34? #t 33 414# 11 

2.8. # ^3131 if ##441 4>t 4R53 # RRl'C #14 n l 4#rT 

(4?) 4#43 3134# # 3T34TT4 ##334 # 4M ##441 #t 4#41 #t #143 4«# ## #4 34 #31#3 % 4#t 3# 11 ## # 

##441 # #4 #4ff3H4 ?41 ##441 # 4#4? ?I3 31 ?4?# # 414#1 #3 #4^3114 ^331 4?1 3#4T3 ## 11 3#1134444r, 4|3 # 
4?3 #1 ##441 #f #1 ##3114 ?J33 31333 ^j3 431# 431# 41# M 4> #4 ^#3 314# # 4T# #1411 # ^j3 ##31R 
313 331 4jj3 3#413 ##334 313 3# # 4T31431 4|3 4?3 ## 11 
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femi.ncR wm tftwMfrfadm Qt4mfem 

#) 5# cRS, RjpT RR MtRRT R> MMr ^ M M t, V3TT % fM Wile# if fM MiRRT k[ aflRR MMr R) TRR 

cfc 0K u l ?I 'ti<4>rll f| M RR> M if m MiTRI ^ vi-eel ^vm 13TR TJcR lM t, Rf Mi RRTRRT t RR> fMf i[ ^R# 
^MaiR ’JeR TJeHTRR? RR % RR (3Tsrfc[ Mr) i\ Wei 11 d<4 j'HK 2 Rfow Mi3TR R> ReRH MM R>I ’JRT RTF! RIcT 
fM MM R> M MM <F> fMRR RT RTR 0 Rf 2 R> ^MSTR ^TT R> M Mi M R|R RRIRRT 11 

(r) MM M WIT R> RM 3HRRR MMlR iJRR RRM R1RRT RRT Ri^R RRT R> RR *i RMlT RR | WI R> fM, 2 TlfMlcf RI 
RR 3ISIRT 57# WT MMlR TJR Rlcf RI^Ti MMl R>I TJRT RUR TJRR 1%RT RT RIRRT t afR wfr aflRIcT MMlR ^T TR 2 - 
RR 0-2 MMlR iJRT M *i RIRRT MM M WIT R> WT R1R # Mlf R> RM RRlfRT W 11 ?# ?R? TR 3+ 3 TlfrRRT RI 
3#RT MMlR ^ Riel MlRRT R> 3flRlcf MfeHR ^ RRlfal 11 3 TlfrRRT #MlTR ^ RI 3#RT MM WTI R> Mw RTf 3 
Mw RTR Mlf RR RR# M MM R?I WIT R> rMr RT WT TR 3+ RR RlM TO ^ $ RR if rMt RRT 11 

2.9 ^telR ^ ail'H0l4R u l $ RRRR MW H<4?1’1 3llRel*1 RR TPM 

(r>) rMir 3 Mr M fig Riw^t Ricn # yicraT # wr wr ^ wr wit 1 1 aflw ^ wr, ww ^ ar^ 

Mi if WR TR#T # 5#^ 3RT Mi i[ 3R& TrM ^ it R# t, fMRI RRT TRim lwi§ # ijn W WT11 TRTTft Mt 
^ 1 ^RxTT ^ TrM # WIT ^ 57T ?lM ^ %- aT^TIcPT ^ #R afR ^T7 ik Mi cRIT WWRTT M ^ M 4 R# 
fMr HRJcT R^i efRcTT 11 WI ^ fM Ml fM W 3TR)f fM #M WW if fM TRRT 0> Mi c^ iMaiR 

IrM# WRtI: 

•tr 2 _ 0 ri 2 TricRR ^ Mi r> Mi ^MaiR ^ afRR ^aiR ^ k r?# f i 
•rr 2 _ 3 2Ti3 TifkR^Mi^MiMiaiR^Mi r> 3fRirf MiaiR^ rr#M? rr11 
•TR 3+ 3 TlfrRR ^ M ^ Mi MMr TjMt afR TR* WcT 3fRR ^ # rMr 11 

(Tj) WI RI w kir RT RRRT t 2 TlfMcT 3fR 3 TffMcT Mi3TR M RFT Riel RI# MM ^ RRRT RI# t 3fR 3 
rIMcT Ri f 3#R rM Riel ^T7 MlTRT t, fM f aflRR MiaiR ^RT 2 rIcRRT ^ IrM R>T ’JRT RRci 11 
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(iT) PlHfelRsId vl<{|^u| | vJTT ^ cneT cfr ^#3TR iJRTT 7PT ##3TR ^T 77N cf> ^ 

#£t^< f> gM^egfeR rt wi cn#^nfar#rr^^ifaT11 

^tr^T $ 40.33 nte 3t^TT ^T ute ^Mt3TR ^ ^ ^ 3TT^r ^ ^ t RT ^ 2.9 TTfelcT (cTWT 3 ufcRra) 
##3TR ^ cn?T 56.67 TtfcRTcT 3TTC 10 Tlffiw 7TC7 7f> tMKSTR ^ cfTeT 3 TltcRIcr M^TT STfajfcT TpH I 



M 2 . 


M 


Mean DCR 2%-3% 


ALL 


M* 


Mean DCR =<2% M ean DCR All BTS 


»3+ 

Mean DCR >3K 


f&?3: ^fkm & mm m 


(r) 3TERR cRff TOrf TOTT TTef Eft-ETT (ifrif TTeT f^R if TOT tMtT) Ef sflER rf>\ cf?f ^eRT cfE 3TfER T) MR c^f 3E^ ^f ^TT 

RT ETTOT11 #TO> % 3T#CT 2 5ffcER ^MSTTE EffETT cfE 3TRTE % TOT RT ETTOT t fa# 3TOE T) TO?f TOT <JTef TOrf 
cf?f eRlf 2 fipft (0 ^f 2 uRteld ^fEftSTTE) 3TE TOff TOT cflef TOrf cj?f eRlf 98 faff (2 ^f 100 nfcl^ld #tfl3TE) FT | TRt TOT 
T) ^ #tfl3TE ^feTT T) TO% TO T^f TOfcf t TOfa ifEf TO 3TTTOT TOT) TO cf>f TORT t Rt TO T^tHT if <51 c?R^ cf5t 

¥HI T) TOE ^RT 1 1 M 4 Met 2 TlfcER #*ftTO #TO> T) TO4 if (^ TOT TO$R ^tEftTO - TO ^T T) TOE) 3TfER 
##3TE ^tf cf5t M$R TOff 11 f^R TO^^faTOef^T^TOtif 3flE ^M3TE ftTOT ETOtf if ^ff TOT t, 
TO?f TOT T) TOrf T) TOt T?f 3T&T5TT TR?f TOT ^ TOcf 4E 3T&cf) TE ^ 4^ ETTORT 1 1 EM ff, TOff TOT ^ cRxf 4E, 3TOE Ef 
M eft ^ ^f cf)ff 3#T) 11 4-ETT cf)f TOfl TOT ET^feR faRT RR 3TOT fTOf RR ctf iR# T) TO#f cjjf %^T 
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#TOT# TO STJTRTO W TOT TOW I #TO f# TOTWT #TO5tRT?TC##T¥#3TF Rw 3% 3T1TOT # ## # TO TO 
W#T TOT ^ # cTC# #t #f 3TK RsicT ## 3TTTOR # #TT TOT STRTpfT % ^TgfeTcT 1%TO TO TOW 11 


ill 


o 


BTS Count ^ 



, .*- % Drop Call Rate 


Far Worse << T M 


Much >sT w or 

/ fx dx/ / / dx E- H 
Better >T H J 1 J * Worse<T„ 

Slightly > T„ Slightly worse < T„ 

Same as TV T M is Threshold 6r DCR Benchmark e. g , 2% 


Much Worse « T„ 


0% 0.1% 0.5% 1% 1.5% 


2% 2.5% 


3% 5% 10% 

Drop Call Rate (DCR) 


f?U 4: Hkkl A U'HM vi^kU'-'l nfrfli) 


2.10 ^ ^ff ^17% cfrf 8IR if W^\ ^nfe^jy if 3M)eR ^ ^ ^fcfT eft ^Nxii cjtr R^Rid cfj^f cf?f 3Tfc|WfjrfT 

TOTJTT # TOT RftRtRTO # #TO #TO# # W#T TOT TOT TO# 3fF WTO RTO 3#tTO TOTlRlTO sfft #R TOT ^ffeTT #1 

(to) wror #T Rim# to totoft to# tor 3 # 

(Tj) #TJTOft # #TOFT # TOFT # TOR# #1# TOT# TORT TOjRsiTT dlw^lRch TOR# tot rft # to# f? i 

2.11 cKjflK, TOf#TOTOT # TTftdFI TOTT# 4 WT vHHTOlfl TOTT TO# 3fR # ### TO# # R# #TT UTOTMT £RT TO## 

^totk RRmro to#totot tot trtjtt f# to? ^ #rr #r # ##3 tr wt to f#g?r 3TSWT to# to #°# Rpto #r# to? ##3tr 

TO##, 4^#T TO### TO gTO#FT; 3# #3p tTOTTTOT TOT TOTO TO# # TOTOT TOT ## I 'TORT #, TOT TOT W TRF # 3##!# #TOT 
TOT t #R# TO TOTOTTOTOTTT #TT 4 WTO TO TOT 3# #3# # W# TO 3lte TOTfe) MJcT ^ I 

3 ##3TR TOT # TORTO WTT 

3.1 ##TO TOT # TOIRto TOTT fMTO-#1^-wf#TOf#TTO) 

(5T) #4to #■ TOFT # TOT # toRto TOTT t TOT TO#TO #RtTT, TO^fT ^teT # RTTJ #4 to TO TO tfc[R[R[TO 

TOT# t TOT TORp ^FTTO TOeTOTT^TR W# # gTOTTOT 31## # TO # TT# f#ff # feTR ##3TR TO TO #t[RtR[TO 
TOFTT 11 ##3TR # TOT, TO#TO #eT # RfTITOT # RrafRcT #TOT# # TOT TO #T ##T TO# t TOTOFT # feTR 2 
#c(TOT ##3TR TOT TO# TOT# TO # TOlRlT TOT t ?TTO tTOT# TO TOTOR TO# TOT ##3TO TOT TOT R# TOT# TO # 
TO1#T TOT tl 





































































































16 


THE GAZETTE OF INDIA : EXTRAORDINARY 


[Part III— Sec. 4] 



fztaivi DCR A" 

ifjQi Jtjip/* ^^ j 


#) PP TJcRpR 31c# P 1# #c|pt P Pr RpR p^ P Pr Pt # PtPtSTR Pf 9 Pd P 3TTppt cfR P cdc|p3R P>dl RR Pt, 
PM PltMKH R# cfT^r PcT, PP Pp PP eftA RfT RTR ip HR# I RTT PpR P Rpt fpRT RP RTR H£5 HIT# HR PcT 
RT IpRKd pReTT (PP PlR P. 5) Pt Mt 3# MP R? 3RT 1## P #T P RTTRT PlRKd 3TpSTTfcT RHR HR STTI 

(# PcT P pR RpRR fpRTT : RRRR P Pr HTcT #P P 10 PMcT - PtR#T P pTWR P # RTHRT P ReTcT TRTT 3#Rdddl 
P RTHR RHR PfRTRT RH HTRp I1 URRR P pR PtRRT $fpR P RHRH, PM PtPiPt (3RRR) fpRcT ^TTcPT P W1 
P 3#pRTTTR I RTT Rt KRT P H# §q, 90 PcRRT (RRRRT HRRT) RpR PcT P pR PtPt3TR RFT P PP[R WT- 
RR P PtPt3TR RR RT ^cRcM Pt 31c# P pHR RTT PcT P pR #Pf3TR UpTHR RR HTRRI M PcT P Pr RTT 
PcTHR PtPt3TTH RR RT PcT_R| R1HR RR HTT RRRT t, 3# H?T#R PPd^l PfpRT P PrP P, fPPt PcT P Pr HTRRpt 
RR Pf PcLRJtrf^ (90) RR RT d0dl 11 

(q) RR WT P PPlR # P 3 #PtR PPM Pf RRp PcTHR 90 PcRTR 3TR# RR P OTRT HTRTT 11 90 PcRRT #Pt3TTR RR Pt 
3#pRT pRRT P PMr p Prt rrt f, p#) Wp PcT P pR 90 T#W RpTHR RR TTM ptcTT 11 PM RRT P 
ijsicf) RT RRT- pcRHeT 90 PeRKT P Pr 1RT RH 1TM P?TT t PlP RT PcT_cPJ i (90) HRp 11 

(5.) PPM PT RppR cp# p TRW pf#R P PP P # P P#TCT P OTP PeT_H^ (90) Pt ^eRT P 3Tp5TTf?T R5T (3TS# 
qpRI PtRRH) Pef_cf^ (90) HTp Pel (W PeT P Pr PtPtsiR rci P WT iPd Pt t# #f) PtP I 

(# PPrT ?MT PPr P rPMt Pr RT ##■ #r p^, #Pt3TR W Pt PtPtSIR - Pf#R - wfpR PPcRR 
(PtPt3TR—PpcRT—T^HlPt) HRT HTT HTWT11 

3.2 PtPl3TR-Pf#fT cPlPtcfJ pf#fR5 RT fcRRR 

(# RpR pR rt pc(P#R cfRp cfTHTT PHT_H^ (90) 3T# Wp r#r Prrr p f## p 10 pcRR Pt M P RH Wp 
PM PfRRH (TfPPq PtPt3TR) RT Pc(P#R HWT 11 3RRT pp PPf RT PlIT- PlRT R# P pR Hp cRRR PM 
PfRW MP t, ■gRRRT P Pr R# PeT, RT RpR PcT P pR PcTJF^ (90) P pHRI P 90 P *TR pTRlPP I RT 90R 
'PRT PcRRcT RTRT *TR TTTR R# Pt Pi 90 PcRR WT P PtHR 90 PcRR PtPtpTR 3Tp#pRp (PcP) P pRTp RHT1TTR 

Pr r? PpcTam rh Pt Mtt Ii rt rh rrct hr P PrtP rht rP wt P PRr ctstt Mr rhPrPt P PrtP P 
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[ ^TFT 4] 




4.1 ^3TR-^fcm-T^t H &5f (^eT3TR) if ^feT ^ Mwirj 


(cfj) ^_^(90, 90) cU^ 0iel*i 4 M ^ fcF? #^3TR HmI cf5T yfdPlffe]' t afft ^ 44elH ^ JRSfcj) #^3TR W\ 

^vT cfr ^ ^TFT if ^ #^3TR ^TRt ^ feFJ 3Tfe) f I ^ ^Mf3TR vJ^T tff^cT ^ ^ *fFT 3 ^ft ^f#3TR ^ feFJ 




* 

< 2 % 


Top-Left-Region 

Characteristics 

In this region: 

■ All GOOD performing instances 


t 


m 

Cl 

3 

ro 

> 

DC 

U 

Q 


Performance In 90% of Best Days 

Not In chronological order 


f*tw 9 sfrfznfsfcr 

RR tl 


(Rl) <£l^el-3TR' RTc^ RTR ^I'MlSTR RR Ff <10(11 t RTT "-|cc|0_R^ (90, 90) ^ RR FT 3T2TfcT --IcW-R^ (90, 90) ?M RTR 
g|R (<^cl3[R) RTt RR 0<^ ^ fcFR RRT vJ'cd RR 11 


(R) Rft ^(RRift R> ^1^ 4,|4P|tqKH ^ WHT ^RRR>_R^ (90, 90) Rftft R> 3RJRR eft RRft | RT RTftRRR RTR 
^MrTR RRRR R^ RR $M t #TT, 2 RfcRTR) eft ^ReTRTR 3 Rift 3TTR)ft RTRRR RTR ?T ftFRT fttft 11 


(q) fttRcT3RR ft ^MaTR ftf^RR ft ftRRR>_R*I (90, 90) RR % RR 81 RfcRTR 3TTRTRT % FtcTT t Rft ^MRR RRRR Rft 
RR RTRTT t RRT RF RRcTTRT I 1% RR % RR 81 TrfcRTR 3TTRTft RRRR RR RT ftFRR 11 


(R) Rift c?TRcT 3TR ft ftWt3TR RR Ift^ft RfcT eft IcTR IftRffftcT ftWt3TR RRRR RR Rft 1JR Rift RR RR t RT RR) RfcT FtcTT t 
fftlRft RTR fftRR (RR ef) R> 10 TTfcIRR ^ M% RRRR Rft RftSTT 3#R WIT R> feR fftsftfftcT #ftl3TR RRRR RT 
?3RR RR#RTRR IftRT 11 



4.2 ^MaiR ftftjRR-RR# ft RM RTR RR (cft3TTR3TR) ^ 3TTR5Rf R?f 
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Top-Right- 





(E)) ik9E_E%^(90, 90) ftETHE cf5T EE EfH 9 W frigid ETEHT fftg EF]H EHFT 11 ?Fft ftftxF -EH ftftHR EH ftcTT 

t ft FEE mT^cI Eft EHft ETcf FTeF ft fcTE fteT_Eft90) ETEF ft ftftE) ftldl 11 

(ft EF ETE if fteF_Eft90) ETE ftci^E^O, 90) ETEF ft EH ftET t ftE ?F ETE ft ftftftR ETEF Eft HTEE) HHeTT ft 
FE)ft t, ?Eft ft EH RlPlRft ETEEE ETE Eft T JET EHET t HEfft 3FE ft t[F Eft EHET 11 

(E) ?F ft ft Efft ft Efftft EE fftFR fft)ET HIE ETF ftFT ft FEHT t 1% fftftf ftfft, HF fftE 3TR ft, ft ftftteTR EE ETE 
FEE Eft 3TR ETefF ftfftE ft ftftftER ft ETEF Eft 3Tft$TT EH ftET I EE ft_ft90) fftj FF Eft ftfft ft FEExF ftft ft 
ftfttelH ETE EE fftftE EH ETEHT 11 fftfftE FfeF_Eft90) ERE ftft ETeft fftfftE M^Td if FEEcF |T[ EE) ft FEft t HF 
EE) ^Fft ft FTH EfrfEEEF E)ft 3TfE EE) EE) EH EfrF EE FEft HEfft 3FE EE) 3Tf§[E) xFH EfrF FF FEft 3TFE EE) ^Fft Eft 
ftlE EH ETEHT 11 

4.3 ftftteTR ftf^EF -EFft ft ftFT ETE EFH (^EeF3EE) if 3TTEHf Eft fftftEETE 

(Eft i|FEE)_E^ (90, 90) fftETHE EE EE ^FE FftfeH EH EF ftftteTR -ftf^EF ft 9 EfrFEH 3TTEHT % Eft EFJE EHET 11 

4ftel3TR if fftftl ftfftE if ftftFTR ETE FEE ftcT ft feFE ftcT_E^ (90) ETEF EF EH ftldl 11 

(ft) ?F ftE ft, Efft EF EfftEHT EE fftER fftET HTE EF fftft EE) EfftE ft ftftftTR ETE ETE ETE ft ETE EFT Eft 3TR EgHT 

3TH FEftfE ftcT_E^ (90) ft 3TEft ETE EE) E^E HTEETI ftFE EFT if fftftft ftfftE EE ftcT_E^ (90) FETE ftfET 3RTET 
FEE ft EFT if fftftl ftfftr ft EFeF_E^ (90) EF 3TfSfE) EFETI ^FT ft FEHT t ft) PlH EFT E?F 3TR ftftF EftxT if 
ftftHH ETEF if FEE E?f 3TR E)t fftft EftxT ^f ftftHH ETEF E?f 3ftEFT EH ft ETEHT 11 ftef_E^ (90) HTTft EE) Eftft 
ft ^ Mftd ft EE^ Mdif ft ftftteTR ETE EE EE fftft EH ETEHT 11 ftftFE ftef_E^ (90) Elft fftE EftE ft ftfcR ftft 
3TtH ftftt3TH EE EFET EE) EE) ft EftfEEft EH ETEHT t ftft EE) E?E EH Eft ft FEftll HEfft ^FET EE) ftiT Eft 
ft FEftlT 3fFE EE) ^Eft Eft EEF E^ET I 

(E) Eft ^F ftH ft fftftt EE) EftxT ft ftftftEH EE ETE EftfftcT ETEEE Eft ^ Eft EHET t ft ETftF ETE ftftfeTR ftft ETEEF 
ETE Eft EF Eft Eftft EEfft) ft EFxF ?TH ft HEfftlrT ftft 11 
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Bottom-Left-Region 

Characteristics 


Performance in 90% of Best Days 

Not in chronological order 


Bottom-Right-Region 

Characteristics 


Performance In 10% of Worst Days 

Not in chronological order 


Some values are higher than 2% DCR Value 


( T T) #^3TR ^TPT cft3TR3TR ^ WR R? 3FW WI4 iff ^0dl t 3RRT 

1% W^f ^R?T3TN RR #T3TN3TN 3RRT ^WtcRN if iff ^4)dl 11 

(r) Rift 'qf^TT cfr Rfef_cF^ (90) ^t3TR3TR if R^f RHf ^ feR f^FT RR RfRT 11 


Some values are lower than 2% DCR Value 

rt1 

. ..>■ .... ssssr 

F V *V Jr 

llllj, 


hrr# 

t S3 S5 ST S3 

mif ml 1 

fit 63 6S 67 63 
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4.5 MEN ^RT -3# ^ EERS) c|>t fMEFR 

(cfl) M M, RIcRIdR fcpfcTR 7(5 feR MeR -^RT 4 EEFT MEdTEi 7(5 7TIE RT5E 7(^4)# (97, 90) sTRT 
MM ER M Fief 11 

(71) TElfM #7 4>M4I44> ^tr# 7(( M ER fM M7fMg7F[3EREFlfcEIFT T«eM irfM tr 4cT EE M 
4? FteTT t Rj1 t 10I 0l4Pl c 4K T 1 4^ M) 7) 737R FtFT t, 7 (t 4 cr>M4IE4> 4(^471 EE M) 7R 71*1 Id Id cfRcTT t fM Mf 
4 Tk 7R MMldd EE M) 7|5t 3T^«TT 737TE 11 

5 TtcJeR ElERE kMd M 7(5 M T#H MW 7(5) Mp 4 etr 5 ^ MlF ER7RTT 7PT 4,d4RMd TfM 7(5 gTET eM 

5.1 TElM cMT TRfeR) fTRFR 4 tzrMt M)ER M, MeR if M E7 M I^ReTT eMT M)ER 7(5) fM E7 fM fiReTT 
EE TTET 4RR4I I 5E 7lf4d7 u l 4 EE^IE % eMrT Mf 7(5 MlE FET eMIe t)?)) 7(5 M 4ftr 5 4> Mldd 7R EfMMr 
TfRFT t FET MEN ERIEF £g ERE 7(5 EE E1EEF 7(5 EE if EEEtE Mt ET TREE t FET FE^TTR ?E EFTEFT 7(5 feR 
EE ^xRfjcf) R-enf^eT Rr ET RRcT 11 

5.2 EFlM FET RlfeTR f^TFE 7(5 tM 4 MIEN E176EE R? EFTEFT Rf 3)fclEEE 44 7) EFc), 44 eM ET Mr 

Rr EET H\ ET7RE7FFT t fuFT 47 ETEFl FET IdM Rf 7I7T EF7ET FFITI FRI f\ ER1EE 7(5 M 4M EgF 4k)Rl45)4l 
cTSTT ET7FEE ARTf^T EE MfR 7 (e 4 7(5 tcR M)ER ^7RT ctER fi)R FTP) 7(5) 31RR7 RkTT 11 R[ 7M Iddlch) RT 

TRwf kr 4) kirt ^ wn fptt pfr % tf> ^rt ^ 4^ t trtt ^ otiMsiRcb ^frfrnrf ti 5^ ^ ^ 
wnj4 gt tM #7lt3TR 31R5eR ^ TW&fT tedtlRcb) ^ TRTI T7 571 ^7T ^ 71?7T f^WR ftRU trjt t 

3P7T %3lf T7 ^7T 6 cMT ^7T 7 ^ 4>l44lsD 4?T M 11 

5.3 4, u l4cdl ^ fEFflk wfRdTSir 7R1 7T?R 7R1% ^ 3?^ #TT Tnf^ f^R^ ^RRIR WTim TO 4R Tl4 sfR 4? MM) ^ 

M)ST FT I dd^HK, 45^4^1 t )% 7^ KRTT 1[RT M 4?1 JJ,u|4cdl 

4dl4 RRsf) PIT 'M I 

5.4 #E|M Rl#RT $ feR TORF TOlFlM # 1 T PRrO t 7TRT f[ 7M ^RRTR TFIdT M Msi) ^ 7p7 4^ 3fR Mr) ^ Mt 

4^ | Jju|4cdl TOM) trT #ftM) 7^ ai^cl (2^/ 3^/ 4^/ 4fe^) MlST Ft 3TR 5^ M fM 7jfT M I 

5.5 Rt T=TTT^f 3fR 7^ fcRRq) 7(5) Mr 7^ feR, KT FTF 7(5) Rgfrl TRf 7mtf§[7T TfRR - 73%R7[fr 7(5) ^4 )M 

RPR R#Tt M^Tef tr ^fech)u| efft AM^xtJdl 7RT WT ePTl4 3fR 7R 7jPlRdd 7 [r 4 7^ feR fM RT 7RRTT t % 

4tPp TgtcT RT tthM 7^ 7M #T 7f5[ MM 1M TjfR | 

5.6 afRFT MtIT 7^ TM T3^R trt ^ fcRMl 7 [r 4 7^ TfR, #4)3TR ^edlRd 7^ feR T[75 Rt Mm 4T <jfe4>| flRR 7 [r 4 
7^ )cR Rnkfeld R^TI Mr) 7(4 Mfcr Mtt W rt: 

(7p) TpWflT M kr 5#n% 7 |r 4 7R gM eT8R TRRRTIRF Mi 7(5) TRUER TfRET f F# M) M 7(5) TjnjcRn kf 

7j,PiRdd tfr4 7 ^ )cr MM tr4 )4r pit Mi 

(ti) f 4 ^cin'chd ^ 4 rh M t 4 ^cdichd 7 ^ M )M 4) gflw Mrt M rtM M Mt tr ^fMRi M M M t4 

feR 4 tt Me (44rt) ^ M cb)RiRi3fr t4 tMsie tr Mr tret r#e i 

(E) E^ ERTcf) 4 Mf) ^cf 7^ M4te # 7)) 31R ETE 7 ^ 3R7FR1E 7(4 f\ 3fRlF eMe Tfl Mt Mr) 7(5) # 7)) 

3E7 EFT (cldl 7R 7T7() | 
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(r) M RTgfcr trt rr cpsrf eft rfrtr trrtt 3 rtstr #r r#r rtt j^ri'cm r?t irfr if ^#ert rrrrt rt% rt srto Mfcr 

M 7fT gRRRRT RRRTR RRRfR 7RR?T 11 RT^ M 7fT feT^ RRRTR RRRfR RTef ?RT RRF Eft cblR|cbl3ff 7RT ^RRTf) 7fT RRRfR 3TTRTcTR 3 
R^R RRT % RTRT RRRT RT%R I 

(r) M Rgfrf rr f^fr RSt rfrtr r£ fortf Re^ #r rt^ #fr ^ gRR^ w\ r4rtr ER^t(^M^er#r^^ 
ttIcTrrt) i ttrt f^fr trt tfr3 ttrtcrr^Icr fcRTRfcRT w rtIIri 

5.7 tedtIKcbl 7f> ftRTRT RR Ri^tRJ| RR^ 7f> 7RR, RTf§[7RRR ^ RFRJRT %RT % TJcRTTR 7j> feTR RR> RRT RRT^RIT 7R <jfecb>| ciRTR 
cbXcl RTRR PinfelRsld yys fefRRTT RR [cIrk Rbdl RRRT 

(Tfj) RlRT sfR 7f} 3TTRTR RR RRFRlRT RR$t fcfRJ f 3ffR R^RT SIR RRR RR ^Rt rrtr 757 ^ t£ feR? |Pldl41 Rf4 RR PihI u I f4>RT 
wlldl 11 

(Rl) ReRT f4%RR 3TR57RF, r4r£R Tfft RRft, RFf 7R 3TfS|RRR (3RR3TlF7eRj), rPwi 41 RTRT Rf TRff&RT t$, WUIKlPlcb 

RTRRRTR, R^tcR) 3RRRT3Tt RTlft $ 7RRRR ^RRRj RSfiftcT RTR^f *f RTRRRTR 3TT R^t I1 

(r) ^tRRRft RRfe f^R $ rt4tr TZjfrR Tjf #f rr R1RR7 trt ^ R^ if TRRgTfop ^fffrRff tr rrrrt trrrT f, trT RRTjf 
ftRRRR RT RTFR t ftfipR R5R7R % RRT7IRFRR 7f?f 3T7RR7R 3RRIRRR R^ SRR^RT | 

(R) ^f%Rt i#fM (3TTRR7) RRR fTRtaa# 7^ WR 3fft WT ^ I^RRT 7^ RTR ^ RRRtRTRlf TRf 7R[^R ^f 
3iPiRdddl3Tf 7R Rf^RI 

( 5 ) R7p ^RcR 5 7R yR#T ^CRTTRT cblRlcbl^ft RT 7p f^ff 7(fr R1R7R foRT RTRT R#^, ell^R RRTRRR f^Rf 7^ feR 

^RTR) 7^ RRRTcR 7R 3il0Cld FtRT Rlfl^ I 

5.8 RR #RRR^ RT Cbl4y u llcil Rfr wtw 73t?7ff Tffr RM TR7 M t 3fR TfRj^T % ^ 3RRRT TRt Wlfer 7RJ# t, PinfelRild 4 r 

■^f R1 rk-R|r 4 Rbdi vRIdl 11 

6. # m 1 J^RR5R fetR RR RFR>, 3ik RR%Reft RR SRI 

6.1 Ref if Rfe %R RR 3RJRTR ^RT R?T ^RRflT RFRTg Tpf ^RifR'Rlf^d TRRf 7R RM RT8R RTRTRTRRT 5Rff 7RT RRFR 7RRT t Rlfa 
RRT^f RRT R?T tjotcRR trT ^PlRdd RjR^ $ fcTR RR#R7T tr 4 f%R RR RR^ | RRite affR TfRefRTRR) fcRRTR ^ ^M3fR 3R7R^f 
$ f^R^RR Rf R? RTC FT RTTcTT t 1% Rf^ R7^ RRRRTRRR SIR t eft RRrft RR^TfR Trf&fcT Rf® RRRfR % ^RRR ^rr 
RFRTR Tfft vRT RT^ | 

6.2 ^RT RRTRRf ^ TRf j7|7R5q RRR TR7 aRR, RR^f Rf R7R RRTRRf RTRRR TRf TfRST 7RRT RT ?r1% RcTRRTR RR ^tRRRft ^ 

RR#RRTRR 7^ gffRRT RRTR RTf 7RR feRT 7RT RT^ | RRlft affRRT RfsRRT 7^ f^R^T feRR 7^ 3TTRR RR R? RW t 1% affRRT 
Rf^RT 7RT RRTR RRR^ §R RTRRRf 7RT 7^ 7RRT TRR^ ^ RRRRTRRR ^R 7|?T RFRTR TRR^ RRRsft f^RTTR ^R R# #ff I ?RT R§5RT 
7^ RTERR RT RM fcfTRft 3ffRRT l^fRffaRR RTR 3Tl?T7[RRT 4tc|R> RTRT affR 3Tl?T7[RRT f^Rf TfR IJlRTR R^f Ff RTRRR 11 

6.3 T^RR j% ffc55t RRFf ^ Re^RI f%RT RRT t, '3f- M\Y ^RN' TfR RRRTR 7RR lM3RR ^fl^TRT f^R^RR TRRcf fR R^ 

yfclfSr vjiR 4 FR Pddisff trT ^R Rhdi RR rft 11 

6.4 RRtRitr 3ffR cbldclldcb fcTRRTR RRgfrT ^7R Stt $ ftfiR %RRTT 3ftR 3TRTR -3TRR ftRf Tf ^RTff 7^ cbl4P|iRKd 7RT RR^R TRRRT 

1 1 RRTft, FRTTfff RlftT IMr RlcT 7f) 3R7RcTR 3TR7R RTRR RRT RT Mf ^RRTff 7^ 3TTRTcTR RT R^RR ^ IMr sffRTR R^RT RET 

RTTftef %R f^RT Rff RR R^f f | 
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6.5 RT#47 #RTE Rf# ##344 #f#R R4R4 R4 #TT 4# W 4EdT t #444 444P#Kd f#TT 3447R4 35# 3 47#TR 
ifcRKT f#Rf % 4# f#ft 4R #T 4> f# Mf# 414# # 3#47 RE14 4FT 11 F4 4F414 f# 44 4#4R #1, #444 
47#4T #ETT 7147 RET4 474#RR4 TFT t, 4# 44 ci|c|^|Rcb 47#n#r 3# 4444#, RT #R# 4> f#"I # # FT, 4> 
4#4R4 R44 3547R4 cj> #4 3TR4 RUT RT R4774 11 #7J #T 1JS1447R4, #44# RTR R4 4T 4FR14 4# 4?ft t, 4T # R44 
#44^ 44##T44 4l 3447E4 4> #4 47#7 #T 44 f#E f#TT RTTTT11 

6.6 chldclWcb f#RTE Rf# ##3TE #f#R cRRRIT R4 f#f 4# 4FR14 47R# t #R f# ?R #44> 4f 3#RM #TT # 3#«TT^?T 
RR4 475#RT44 4IRT 4RT ## #44f 4f ETTR 47R#RT44 44 344544 47# 4> #14 3TePT #44R f#T RETT 11 ?R 4444 
4T 4R447R4, #T4T# RTR R4 4T 4F4T4 # Rlcff t, 4> # 47#7 f# 344414 34# 4> #44 4144 #4# 44##T44 4> 
3TT47R4 # #4 f#E f#TT RETT 11 

6.7 44441447 3# R4#47 f#TE Rf# #ff3TE i#4R R4RTT3lf 44 W RZ#' f#IR4 ## ^f#lRd #4754 7£# if 
444t4413ff 47f RRR 44# # R#4R # #4 4% 3T?#f I# 11 F4 #RTEf # 1W 344444 f#ff# #4 t #7 444 #41 #T 
44 #77I4T 4fxR17T 3# #7# f#4 #4# 4> #4# f#R 4f#T7T # #7# 4#47R4 FET f#ff# 4144# # #7E 47P#RT44 
4> #4 414T RT 4444 11 ' 7R7E RZ#' 4# Mxf 47T RT44E 44414x4 44 ^j471R 34 ##cTET # RE # 344414 47# 4# 
f#fxT # #4T #1# 4# #4T # ^44x4 # 4#44 RE 7147 31R4RT f#TT RT R444 I1 

6.8 #[R# 4ET 44RT #### # 3T#«lcT: #4# # 344RT4 # 4^#4 # ^JR 4E# # f#4 ##31E 34455T ##4R R44 

#R#4#f # feE RTRT 34455T ##4R # R444 t #ET44 44#4 4T4R #4T 4414 4E^ # feR f#4T RT 4?T 11 4T4R 44R 
# 4T4# # 7JR4 44 fM #Rtf#?T, #ET44 444T4 4# #4T # # #T4 1#TT RT 4fT t, # 4cTR4 4# # R444 t I 
?RfcT4, tM #[R# # R# M # ^R 344#, #### # ##R, R## F# | d4j,RK t\, 4#4ER # 4F ## f#T t 
f# ##T31E ## #4T 4# ^ ^ ^TR^eT (2#/ 3#/ 4#/ #5RJ# #4T 4#4 44ff# F# 444 RT 

R4RT t 3j# R4T# 4# #R## # ##5T 4# 1#4T RT R4RT11 

6.9 RT#R #RTE 3# 45E4T4R #RTE 4# t\ 4T4RT # ##31E ##4R # WW '4^R'T#RTTR 4T4f 44 344Tf# #4 
t 3f# FRfeE f#ft cl'kJPlW, 4T#P4 3# RE444 4#4 4## # 4f##cT f#4T RT R4E4 11 44f4E #, 4#4ER ?R 4## 
44 4TT4T f 1% 44R #4 # R44 # #4T 4444 4ET #4 RT # #4T # 4, u Nxll # RE # 'gPlRdd 4E# 4> f#4 4^ 4T4 44R 
RT# 4f# 44 R44T4 f#T R4RTI 

7. # #t 3TE JJcRI4H # f# 414# RT ##R4 (f#) 


7.1 414# 44 414 f#IRd 47RT ^4 54 R##f # # #ET 447 R#?4 4# ETR if RR RT4T RT# 4F RF t #7 4F RR # 414 44 
# RT 4TR 1%4T RT R# 3T# RET # 4F #4T 4444 44 314# 34EER4T # ## 4# 3ft4 #4T3lf # T^TE # IcR 44R 44# I 
RTR #, 4T4# FR 447E #4T RT# #7 # #4T # ^JRRRT 4> R4RT44# # 3TJ44 R4# f#T3Tf 47T ^1 4# | 

7.2 F4 R##f 47T ET14 # R# |4 4#47R4 # 4##T#T ##T3TE R4#4T 4> f# PlHl'Rhd 4T4#f 3fE 4144# 4# f#f% 4E# 
44 ## fcTRT f: 


(47) fM f#4 #f # f# #EfT31E 3447# # # #E#3TE # 4#4T47- 4R W 414 f#ET R44 3447R4 34# 31?# 
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Terminology for B enchmarks for DCR-Matrix-TD 


Top-Left-Region 
(TLR) 


Top- Right-Regio n 
(TRRJ 


OaY-Qiots) 


IMetwork_Q TI> (vt) 


Bottom-Left-Region (BLR) 


Botto m-Rig ht- Reg io n 
(BRR) 




- c -Ddi flfcr Wnr *1 o ft) ci 


TOR# TOR # |t<Rl if # TO |TOT TO 2TT f# '(l\ u I telT #R if ##l3TO RT 3f1^d afR #Rr #f 3Rfsf #Rff3TO RR if 
R# W if TO#R 3fcRT RT tec#cT R# I |TT TOR 2 teTTOT te#3TO RRR5 Rt^ R# «TT TOfft te#3TO RRR5 RT 
R5T TORT affTOT # TOR RT TOT R#T # fteTR TJ^TO # fcR TO teRR TOT TOT STTI ##3TO irf^RT if ##3TO 3TTR5T TO 

after te# aror tlei'i # tetero tott # tef fterr tot t, -r # to # 41#tot # tetter 3 to tlei'l # i rTrr roifften to? 

TOlftcT te teTOT #t ’JTOTOT TOTT#t if, TO # # TO # ate TRte RR# R# ter 3RT #t # TRte RRR TO#n RR# R# te# 

ter tecrjfcf tort t terfte teftfer tott# # tet 11 ?RTf#n, te# after tor te ?ir tot ten rr cfr to 3t#«tr7ct r#R 3trtotott 

M I cTRlf#, teteff Ste TORT tet RT R# RTOlfte cbtels?te afR 3 # RTRRf RT #TO# # telTOT # R# FT TORT t, RT #R# 
fn TOte te ## npr terror teff Rt to tot # teiroiR te r#t te tortot tor te tot #rote Ritetenro te 3 ttrtot te 
RteR teff te terror ter te fr# ter srjtefcr tor te to# ti to rr ten to# te to te# #rote toto totrf to 
fter tot t te teroaro # te Rite ten# if to#r Rter te f#n tetetaiTR tot wfte teror te tot# if 2 terror te #fto afR 

R1RRW f#RRR te TOT# if 3 telTOT # #F7TR FlTOI 

2 #t #rote te f#n r#tr teteariR arfro# to tort tort fn teteR totor te f#n TO n^ff to te#ro tero rr Rfte ##r ## 
TOTOn 3Tter te#f # TOT# if RJ^ RRT R1TO (90, 90) 3fR TOT^# (97, 90), M- R TOTOR STtefT crfteTTO| # TOR# if, 


M- # TOTO 
tefT TORTaff # 


arter totr # tot# if 3fR M- te 


teR # TOR# ^ ^ te# if ftefR 


RlteTRTTOT # TO if 


trr_rRtt^^[ ( 90 , 90 ) 

#TO# 

#TO# -1 


TO TOT 




TO TO TO 

M-r, 


TO TOW 


teft-n, 


TO TOTO# 




TO WTO 


#TO# -2 







'HKd 


T : 


27 


[ ^TFT 4] 




























[FFT III-ITO^ 4] 


totf tot wra : tofmtot 


29 


7.11 TO#7f7T # F#TOT, TO#TOTTO if ##31TT #l#TT # TTO#TO #7TTTO # #F FFTTO # TFT # TO^ (90, 90) = 2 ##T7T f^RTcT TO# 
TOT 1## leRTT 1 1 ## #Tft31TT TOF TOt 9<t>W T7TT FT ^TPT^T TOTTO FtTTT t, $Tll#T TO? ##T #TO FTO | 1% T#t ##31TT FT# # 
F# 3 tM#FF # #TFT <^T#K #FT FFTTMT TOt #T# TO# # TOTOT7T Ft# 11 

7.12 ##3TTT #<#TT <#TtTcf f^#)<^H # f#cRT_^ ( 97 ) FTFFF TOT F7#FT "3# FFT#7T ##FTT TO# #F FFTFF" 3# f#RTF #0 
J J, u Mcdl ##TO#T 3 TOFTO # TM TJcTFT #TO TOT TTETkTT 11 ”3# FFT#7T ##FTO TO# #T FTFTO5 ”##f#7: TOT7TT t 1# #FTT# 

# TOTT 3 frfrRTff TO# #F FT # 7TO1FT T#7T 3 ##T7T ##FTT # TjFTFT F# #FT Flf# | c#FTF FFTFF ^ TOTcRFTOTTT^TTTT f#lFF 

# #TO TOT 71TO7TT t # ^JFTTF 97 ##T7T ##FTT # FTTT 3 ##171 # TOF ##3TTT #FT Fit# | ^ % f^TT TOT TTcfTcfT t f# FTO 

FTFTO5 # #F 3 ##T7T ##3TTT #1 FTOFT 73 # #TOF ^ y#t#t if TOFT # TOTOFTF FT 3M#T #7TT 11 TT^JTTTT, 7# ^#7T # 
TO# t TOFT FF#3 #t ##3FT 3 ##T7T # TO# 31#TO t el#F FTOTOT TOTOFFT #TOT7# # TO ##FTT T7TT FT FTOTOT TO ##3TTT 
3 ##171 # cfj# 3#TO t ##F FTOTOT WTO #TOT7# # TO ##FTT T7TT FT FTOTOT TO 3 ##T7f ##3TTT # #^ #7TT 11 ##F 
TO# WT, TO #TT FFTTO# #1 ###ff ITT TOF# F# FT# TOFTTO# 7TTO #TT TOKTT# # t#lTOT # F# 7n# TOTTOT# TO 

f#TO ^#1 TO7TT tl F# ?TO Tf TOTO TO#TOl #t TOfcTTOT yRlddl 3# f#RTl #t TUfrlTOT ##1717TT TO f#TO TO# #t TOTO7T # 

TO#t tl 

7.13 #TO #t 'y’TTOTT #t 4,d##lftd #TO# ^ #t ##MTO 3fl?##T FtTTT t, ##3TO #^TOT_## TOT WT# TOT# 31# TOTlf#T 3 ##17T 

TOtTO #t TOTO #1 TOTTOfll TOF#TO #71TOT # feF? WFT TITO TF7TT t TO# f# TO##f # #TOT TOT TO# TO# 

##T71TO TOT TOT TO TOt 90 ##17T # TOTOT 97 ##KT TOTO TOUT I ^ #f#TOT TO#T 1% IMl 1## f#T 97 nteT WlTO 
3 ##171 ##3TTT # %7R f#TTTOT TO#T 7J# ^#c[# 73TT f#T ##f# #1TO# TOTO TOTTOT 11 TO1 97 ##171 # ^TOTTO UTOl^ 
##31TT TOf # 'TOTOTO TO# t # ##171 ## TOT ^edl 0 d TO# TO# ##T7TTO - TOT # TO TOT 3# # TOTITOT dldl vdIdl t 
#TTT TTOT#TO f#lTTO 31#7T 90 ##171 #t ### # FtTTT 11 TTFT#TO f#TTTO # #TO ##3TO #1TO# TOl 3 ##171 # TOT # #TOT 

f#TO TOT TITOTIT t, #T1T f# 71TF TOTT#7T ##TOT # f# 1 ? TO#FT f##TOT # TOe#TO f#TO TOT 11 

7.14 F##TO TO&TOTTO # TOJ^t = 3 ##17T TdfBd (97, 90) # ## # f#^ #1TO# #TOT TO# TOT Pt u # 'f#TO 1 1 #TO# TOT1 TOT #TTO# 

TOT TOTTO TO1#TO f# ##3HT <3 ##171 TOT 90 ##171 ^JTOT 97 ^ ^ TIM f#TO TO1TOTI 

7.15 W #F f#TO TOT TTTO7T1 t f# 73^T TOT# ##, ^ ## 3# 3TO TOTTTOT, TOfrlTO #TO ## if TOTO#TO 3# TOITOTOTO ## TO #TO 
TOI^ #1 TOTO T7# # TOfeTOFTO #T TO##TO FT# 11 TOT ## # 3#TO TO# # #TO# TO#TO 3T1F#F TO#TO # TOT # FI TITOTIT t 3# 
TO ##%7T d# Ft TTTO7TT t f#TT# TOT 3T1F#5 TO#TO # TO TOT# TOFT TO7TTTO7T # f#T TO# #t TOd# TOTTO Ft TTTOTft 11 3T1F#F 
TO#TO # TTTTTeT TO #TOTOST TO#TO #3T##TOTOT#TOT#TO### ^TOTT ##3TTT ## f#T# # #TO TOTTTT# TOT #7T#|7T TO# # 
t#T ## #TOT ## TO# #t TOT5T7T Ft TTTO7# t TTlf# # 2 ##T7T TO 3 ##T7T # TOTTO TO# #T FT #t dediy F# # TOTTTO ## 
fMTO ftTiTTTIFTO # TO # #TT ^TTO ^ ^#1#^ ## # TO#TO TOFT TOT TT#| ## f#TO ###f#TT TO TOTOTT FT TOTOfT 3TTTOT TO 
TO#TO# #t TOT TITO# t 3# FF TJ#TO # 75F #T TOT 3TOTT F# Ft TITOTtt 11 TOfeTTO ?F #7TT3TT # 3TTOT7T t 3# fF TO 31|c|^chdl # 
3TOTT TO TO#TO# #1 TOT TlTOTtl 11 

7.16 ##T #, TO#TOTTO # TO1TOTO T7TT TO TITO ’JcTOTOF # #F WTO #TO# #TO TOFITO T7TT TO #T TO# FT ##3TTT) TOT W# TO# |F 
TjPtRdd TO# # #F ##3TTT TO# # T#T#7T #TO 11 FTT TO# # TOT7T#TO #F# #TOTFF TOT TOTTO #### FTOTOT t#TOTT # T7TT 

# 'T[TOT # TOTTO 11 (TOF1FTTO # #F, ^TOTTTO 90 ##T7T TO## #, ^FTFT 90 f#RT ##T7T # 2 ##T7T ##3TO TOF # FTTFT TO FTO 
#t#3TR TOFT TOTTO #7TT 11) 3# TOTT# 1 J81TO #TO # #F #t#3TTT FF TOTOT TOTTO #7TT t FTO#F, FTT #TO # #F TOT7T F# TOT 7TOF # 
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473% 4% Sllcl^chdl t 31#71 ##t344 44 4154 4%#%#f 7% #414 47441 #74 11 3# 7143, 54#3-471#4 41453 34141% 4> f%5 31# 
54T#T #%#T 41443 4% ###71 #41 441 f 3fE 7j##1d #41 TJTTcTT f1% ^J4d4 97 5#171 37## % ^444 90 ufcTOTT #141 4% 3 
3#171 #4%3H4 414 7% 44147 4T 71444 #4%354 444 #41 75115 3ft4 #4%37I4 4% 4%#%# 7% #44 4144 #41 751141 #75 11 

7.17 34# 3lfoft44, 31#4744 % 574545 444 44 3fR #4Tt%47 311414 44 41# 444% 7f> f%5 4# TJOJ473 4144# %47# # #4144 44 

^cdicbd 414% 44 #%4 #41 11 %47# 551475 7% #5 #41 ^>1^ HE4##t 3%4 #14# 7147 444)441 4/1473 734% ## % 37%754 ## 
4#fl %4TT 4#34 #%444 % 7JT%4I t, #414 34# # #4%31T4 #14# 75% 4%^t = 2 3#171 3# 4^, = 3 3#171 #41I %47# 
^3473 3# 4134) 4141 4% 4/1473 7% #4 #441# %[75j51 ##444 7% 35J434, #4%3T14 4144) 4% #344, #4%3T14 5?3#75 #4%1^44 %44 
7% #5 2% 3%4 #4%3T15 %#4eT #f#J|5J4 %75l57F>f%5 3%3f|541>%7F>f%5 t^4#4 3#% 414% %4I#4) 311414 44 #% 

7.18 4774 #14% 4% #453 % 90 3#171 3P141 ^cf 41444 % 97 3#171 35%5j 44 #F4I4444 414 31 41 #4%334 44 414 # 34# 'J/l# % 
41444# #4T, 4% %47# % #3144 ^i4)d 4% 4441 7% f%5 4141 7511541I 

7.19 Mll?#4 u l % 714 1 % #%4 #41 % # #4%334 #14# 4% 3#%## 414?# 3141 41# 1 7143434, #4%334 #14# 3# 4144 3#%S4 # 

444414 % #14# 514 3#31#T 4# iMll%M (441344% 2# 3# 31441 4#) 44 %47# 44 #NT44 3# #141 #4 % # 4344 
%#%%## 7% 4414 4141 411441 1 34lf%4, #4# 7% 4# 37## 43 41%#71 3# 7% 55774 %47# 7% 414 % 444 % /j74i#71 #74 
741441/ #74 741 414773 f, 41% 4# % ugrfxl # 4# #| 

7.20 743#44 47#3 5#3 (5745415) % 4# 7(5# 7% 4441 744% 7% #4 %444) 41#4 44lf%# %474 % 4144# 7% #4 #44# 7% #7437' 34#4, 

4374473, 3§4 3# 47447414, #41% 441 #41 44174 7f7T4 474 4311 3# 7% 4414 474% 7% #15 WTI4 #74 741 4311 41#4 ##14 417141 
74 7%3%4c#f 4141 441344 % #4, 3144 #3%574#f 4141 #31 34173 414 4414 4% 753 4# t # #-%(34T % 7% 4%#433% 7% #4 ##3114 
^44 # %41%#4 % f%4 #4 7414% 3%4 7# #474 41#4 #14 344l#r 4T141 44M 35754 47415 753 4% t # #43 #541 % 4(441 

7# 31% %41%#4 % 31147751 4#7% 7% #5 4Jl1%cf #41 74141; 

7.21 4# 354 4141 441441 4144# % 451#7T 3141 7% 4% % I#%#3%-413 #%% 47441 74# 47441 4lf#, 441# 31#4744 414 % 444 % W 

%57# 7% 473 % 44% % 444 44 #4 41 #414 474 414# 11 

7.22 441# %# #1# 31 414)# t # 744 ^5 7##1 7% f#r ##31R #4T 447 #41# 7% 44% #14% 7% #4 73TR4S1 4# #| 7341344 7% f%4, 
43 734T #1# % # 4147# t 744 %#41 441 #41# # 4?4 % H#W|[%d 3#41^4%)#t;7ii7i#47lf #441 7f7#44 #1 4444 % 
441441744) 474 41 # # 474 #; 74 7%% 47$ ## 7% #14 %#1 4471 474% % 7147%#! 414 % 47#4lf # 4f # I %4T # 414% # 414# | 
74# 47#3 4141 4T4lf%4 %3 #441 f#47 #4% #%4 #141 %^4#414R73%441#1 #4%344 414 44174 t, 73# ##f# 4# #417J4 
4# 74 34li4l(%4) #| 

47. #%4 414%1 44 <w4dl# % #4% #%4 #141 44 ## #4 # #44 % #%4 f#4# 4% 754# t # %# f%%4 414%1 44 
TfTRfcn# 474% # f%4 '7##344 4%3' 471 7347%4 #41 7JTI44T 7%4TT # #% # 4^ 7nf%44 % 43#41g f: 



3%%414 

CJ?K U I 3ik ipftvjpr 

(DNE) 

%%3J4 4# t 

Uchlwl #1 #41^1 % 474 % 4 # 3444 #41 J r41 41 4 # 44 #41 441 41 

3%4 4 # 43 %444) % 347%447#3% # #41% %444) 44 414 411 
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paM 

(NOP) 

mmeRT if F# t 

PidiRid 44)0Ri ^ mimr msm mmmf tt ^ mrRT aimm Mt 

trrM wm ^ mimT p? M ^ 1eR wmi mmcRRcT ^i m afR 
^ ^mif ^ mRTtmmfaft mr trr ^fi 1 ^mt amRm^ qRRsifeim 

mfdci 11 

mmft 

(NAV) 

mmm? mm mram ^#i 

t 

Rb'rfl RRiy Rci'H ^ 4 Rm Rb'ifl ycbitdi ^ feH< >MaiR ^ 

beheld ^ 1eR artfeci ifcRH ml trrM mm4f ^ mimT m4 

%m rt mm, Rifo rrtWt mmermm m 1 

m#pr 

(NDM) 

#ift3iR mr iRcMd 

PldI4 Rhdl RT 

mmm t ar?im 

armriPTm t 

?tR ^R^3TR ^ MRc|)eli ^ ^ WN vjTTcTT t J 1 RlrTl^l ^R^3TR 

^TH cf5T MRc^el'-l ^£[ Rb^l uTT ^0dl t ^IRh ^ Rr£[f4 WT ^ ^t\ t 

3Rim FRmfcRT mm pmmm ^ mtRm4 aimriRim 1 1 


m mfa<tR u l Tim-Tim FT RRt fcfR mj Rl^li ^ mmF Tl RMfelR mF5 Rt TjRt R FRmH TRiIeR! 3Rim RfF FR TRfRTT 11 

m ^ ^ mm Rim t % mR 5 if #m RRflaiR mte rt mmlm mrmfr aftr FftReifM cj> arpm f# fern mm t, Rrr> ftp? 
vifrciRsid fern mu t, ?fr gmr ftftnmm ^ fciftramr 5 , ^ mr-ftftpmm ( 3 ) f> argriR mm rt Timm t ; 

m ftm mm te (^r^tstr) nftftRTT 3 rpit arm pF ^ aiftimRid RWRir Fftfem m F$fi amrm 3im ftRfi ^ mTs m ms 
mr 0 rt ^3tt #, mfr mtm 6 ^r ftrftm RtrftaiR mrs f> amim Ricfl t, ml RfiR ml mp f# f%m mm Rimm 

^g. ^<mi0H srcrfSr ft ftm Tift ftftanr pft ftr mftrmT ft mm mm? mj mmft mrf%m ftftam wRim mr 3ift ftftanr miftim 

mi ft mimm mmn ft ftp? pp mm rrfti 

m ftftaiR TRiftrm mi 3ift ftftanr miftrm mi ft ftnftmr ftt mmn ft ftp? &uRbJid Fftpft ft ftftanr pft ml ftn mftRm 

mm ftft ft ftRim 3fR ftm ftr Fmmicr Tmft ?im ft mnm ftt RTpft; 

7.23 ftprift ml ij,PiRdd mrft ft ftp? 1% pf aftr Timm ftm mm mram #1, aprft mmftift mm ftftmafi mT <jm|cftmF mrft 
ftt amimimm 11 ^mft ftmiR, mfemmr ft Wi ftim ftm fftftm 01 armjm 2017 ft w ft m? ftft3iR fmnft mm 
mftcift mrm ft anpftt ftrarr ftprift ml m? ftft ml 3fftmR mrft ft ftp? mftm mm mm ftm 1 

8 ffamft ft srgqieim Fft mrft tr tts f?l#T 

8.1 ^Marn ftfk ftmmrnr f?i mfam mmim ararmn m? anmfer ^im 11% mt ^MaiR tmm£ mr ijm t m 

1 m#, mrnr j^rnimr m fern mrm 1 1 ?m mmf A m tts ft#r ftmmrnr mimm f?i miram mi 

mu mmm mmft t mr mfeRR ml mmi PiuiKd ^ 3^Rq mr^nf mmr aig^# kh rnmu 1 1 

8.2 Tim nmrn afR m# mrmr ^mr m mmim 3 ^rnr rtft ^ rst ^r m^r sr 1 ^r ifr Rwfel afr gmr ftmrmr 

ft^imr (srsrfcT 10 ^ 15 nta ^ m^r) ^ aimrn ^wimr m ft#r ftmmrnr #it mltF 1 5 T# MItt, aim ^ ^ ^pm l^m t 

"fMm ftmmmT" 4 ^ itfrf wrramarr ^ mjWr t?r % ?Tm 3 fR iimR ^m ^ $ feR ml mmr ^ ml 13 m 
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4# I ftft? fata MrtllRI ft M ft 4? 441? M#,, #44) gft 44RR 454, ftft ft 414ft, 41# 3fR M? 

44# #4^4 ATgqcT^IcTT, #4#? 3# 5# MM? 44# 4ft 4R? ft 4? 4ft Ml? 54141 MR I 53# 4? ft gUR Ml 1% 

ft4? g444I ft feR MR McHI 64 5[ft ?R Ml 5414? 4I%4 4ftfft gMft ^44 ftRH? eft WT 4141R ft 4|4 ft 4## t, 3?R 
ft4?-4R44T W 4gH M# eft '4)4 ft 5344 11 # gfoft fftllft ft M4I44 ft ^IR ftl W t fl ft## 2 3jk 3 4R eRT4R 
iftftfR eft # 3lMftf4 3T§fe eRlft ft 45? ft 4ft 11 Mft M# ftg44 44ftftl4I4T ft 4#1 4Rft ft 44? 4Rft t 41 ft 31?M cRTlft 
eft 4SRI t1 4444 4? ft Mr t fft Mft RRT gTOT 44 44444 ?t41 t 4ftfft 444l44T3Tr ft 4RT MxR t 3fR 4154R rMrT 53R4 
ft4T 4(4441 gfftMd 4Rxl t, 41 ft# ft M 5fftf MR Mr?I? 4 4# ?Hl Rlfft? I RI4TR4 4444 M4RT t % MR Mx4l?4 ft 
4 nr Mrer 441ft #? 4ft ftn gn4m ft tjur Rift ft rrrr Mtt t1 ewrift, 344 ft ftftn MR Mriier eft 4# ft gni4 MI1 

8.3 4lfft4RR ft MRR4ft eft ^$r|cT) 44 E4T4 Ml RlI 4M ft, TlfeRR ft FleT eft 41? ft ft41-g u le|iu ft |4 Tj4lft 4R ft Mr Mil I ft 
44)Kle4eb 444144? 445 ?4 44) ftn44ft eft fftw44 ft 4lft ft RFIRRRT 3fR 41## 44lft 4R1 ftcn-g444I MMftf eft MR 
M4R?4 Ml ftft 44 4444 t1 Rf? ATTcMe ft, 44R R4 ftftft 41444 4ft bMjr UTMrR ft RRI-gTOT 414441 ftftft ft# ft M 
#4414) eft %-3rgqieR I# RRnftl 41 Ml4R Rft 4ft Rift Ml 44 MR fcRl t1 

8.4 npRlRR 0 ! 4ft Rid I 44 ftftl gR ftft 3fR gR?4R 4441441311 eft 34J44 4,44x11 ft RpR cTlft eft fcR RMRR ft 444T R4 4144? tg 
ftft? MR Mm?T?4 TR441 MftfR 4Rft 44 MR IcRl tl ft# 44 M4144 MftM fttftftlR ft#! ft McR ft 4lft4Rl R 
3iraR 44 ftft? MR jftneni?4 (gM) 3#ftlftn Mr? rtrtt i 54 ? mrri ftg nifeRR ft M444 nM RM (ftRiRR) ^ gM4R 4ft 

Ml4R SPlMn? 31SR ft4#4) 344R Rift Rift 44 MR feRl 11 4RR 44R eft feR 4^44 ?1 it Rft 44ftM (2uft, 3?ft 3k 4?ft) eft 
M nfel 44 RR RI4R 4RW RR 41 MR (ft'beRl^d 44 3#ll4R Mil RR411 

8.5 rMrr urn 3144R RT RftRn ftft? MR Mkri?4 4RxR giftnR Mftni44) niMiRn 3?1ftPiii4 eft n?n niMnin 4ft 444 
RMc 44R14ft nfftn rrr ftm ti rrtR ^rrr RMirr niMnm 3 #Mr piMirr 4ft 4 Mm ft4i gn44i 4ft Mftnfftn 4Rft 
414 Iftlftdddl 5ft 44# 44 arg41cR glftRdd 4Rft 4ft 4lM 44R 4R41 tl 44gRR gft ft 4lMfRR ft ftR# 4RT ftft arg41cR 
IjiftMd 4Rft eft fcR 3lft4) 44R M 11 4R4, #1-44141311 5ft ?t4T-gaR|xiT Mll44 ft# gnm 4ft rRR g?ft4R IftlftdHeh 
4lfft4RR fftRT44 fftM, ft41-gR44I 4# MM 3ftl 4lRR giftRR Mft4144) 4lMRR MftlW414) ft# 5ft R4 ft R441 4ft 

Mrfftn R4 ft 44Ri 44 i?r 11 MR, MlMs ft4i-g44x4 tnmftt 4ft gir 4# ft 3 r?4ri # 41ft ft4i 4414131141 MR Mrrr? 

cRRl 541 IR t 3fR 4lMfRR ftft f^ftR MRRR1 5ft 3?Ml4R ft RftMl 4J441 5fft RlMlMn ftl 4R4? t| 4lMmR xrft fttftl3?R 
Iddlebl 5ft ftR ft ft! R1 4PT1 441 44 3igiRR 54lft RI41 41R4 11 4lMfRR, ftlfttSTR #414) 5ft 4# ft MR MrRRI 5|ft 

nfft 5ft fp-mg41cR 5ft 4# 4441 5ft M TR4 CM 444 5ft 4#4 4R 5ft W1 Rift 44 IftxR Mri I 

ftft# 44 444R ft# tftftaiR 514414) ft Ml4T 444? 411R t # 3114R 41 444ft 44 MMl 4# ft ftp 441 4ft# 44 ft R1R 
Mrt 54i ir 1 44) # ftncjft ftnmft 4ft gn Ml 4 rr t nr ftlfttsiR Mmft ft ri 2 % Mrr ft f#, MR 4MR ft 1 nmi 444 

ft 44 4444 11 RcftM 3FR 4? 4RT4R 44lftl ft ftsRlft 44 4RIT 4wR4 t 415ft#3TR ftllftM ft McTIR 4# ft ftl4 414 RRI 
444 44 ftfftl ft 4444 t, 3141 MlRlft ft 53#44 44 4RT4R fMlft ft tlR t, 41 44# 4ft ftft 1.5 ft 4#) ft 44 R4# ft 544fft 
44) 44R4 ft # 2 ft gRft ft 44 5H4# t 3141 4? eFlRR ft ft 3lMl) Mlfftri ft 1 1 

8.6 44# 5ft Wfj 4ft 4# 4# ft fel4, 5341444 ft fel4 # MlftM ft444)_4gi# (90, 90) 414R 1 ? ft fteR ft 4# fR# ft ft41 
44RT 44 44# 3.5 4frl44 ft 4t M 44# 44) RRI 444 ft# I 41# ft 44#T g# fR# ft 5.5 4frl44 ft 41 M 44# 1.5 g4T 44 
2 cTO 444 # 3 RRI Wl ftft I # 41?, 4# ft ft# fftllft ft 44#1 7 4fcR14 ft 44# M ft 4R ftft MR 31# 444 6 
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W if TOfcTFF # 3I^R #T FtFT tl TO^ 3TOFT, 3FR Weft #Fltt if TO tt FRTTORT FF TO#F tTOT#_F7£M (97 ,90) # TOT if 
4.7 F#TO t, FT #T1??# TO TOM TOR #T FIFTI F# ^ feRT^t if M#F 6 #clTO t eTT #T TO^t 2 cW TOR tr 1.5 ^ FT# 3 
cW TO# FIFT I ?7ft eTTF #TO #FTtt if TO#T 8 F#TO Ff cTf TO^t #T # FR 7# ft# SrsffeT TOR 6 cTO FtFT I FTc##, FTF % 
TIFT TOR Ft# TTFWf # TRJrf) vJrcl'fcH # feR TO fclFltt if 10 cTO TOR FF #fqiF t, TR5# #77# f#Tltt # FedM # #R #T ## 
FTFF# # feR TigxR TOR 10 W FF TftftcT 1#FT TTTF^jt I 

8.7 F7TF# TO if FF Mite STT % #c|T #t TJDTcmT HHW ^FT #FFT# yt#Rl#l FTFTRcT (275ft/ 375ft/ 475t/#F7e7R) TOT 
TO# 73F#F 7ft Ft y1#R|#l 7|ft 3TFtS7F: FRT 75TTFT wf^TJ TOR 4R[Rld f^TT 75TTFT FlftR | 4Hl4vHp|cb TO1F# # #7TF 3#F7RT 
#FT TORTT# cTSTT 7JF# ## if FF ^pTF f#IT FT 1# iRF# ^TeT^TeTT, FfF (41^^3IR), FR#FFT (FFR #T F# 7RT FTFF 
to MfM fiRr F# Fit#? tm to 1% t #f if ttttrt #fr tjw frt# t1 37##^-# #t Rh^iR^i toft 75ft.io28, 

475ft FlFTFcT ifFFFt R7 TjTFTT |# #FT #t TtcIRFIdl # #FR 73F#FF7# TO F^mT 7ft fRftRf FRFT 11 F#FF 4 375ft 
te4#f # 275ft # TOTF ifec|0 FTfR|F dldFS TOT isIdW t, TMf# FF# dldFS # FTF 3 TcTF- TOTF Ft TO# t TOT# 4 75ft 
TTTTRT #FT3Tf # #R RlPl-M^f if FT# TOTF FTFFF f^f%cT F# f#F tjtt f | •JTRTf# ^'dK RlP|A|H4) JnteT^T 4 FH 7R 
%cTT nFT7TT3Tf ^ ddt 7|ft sft FSTT l|R u IH'M'S 4 '•TRTftTI <J^dK RlPlilldcb ^#7^7°! 4 475ft ^Trraff 7^ feP? TIFH FRFFf 7RT 
TOM pTR an| nWT T^ft ^tr MRTT FF MTTOf cTSTT fMTTfff M WRT tl FFJ7TR, MTcfra <^4dK RlP|A|IM 
FTferoi t M pPpntf if 475ft ^7TT3ff 7^ fcF MTTO FSTT t^Mf fTfftcT t%7? 11 8.8 tt/ftaTR 7^ 3Tte[R7f7T i|M7ff 3fR 
TJTOfTfdT ^cR TjMfrr ws ftroi f4Rm 7 ^ stjm ^ ttsr ttrsp T^tt tjtP Rttt 1 

9. lefTR FFT 3TMF (aiK^dcft): 

9.1 ifec|0 if TfTO ^ M 7JMT7R, tMTff FRT TOT Tfft Ft 75TTMTP M Pft TTITcTT 11 FTTO TfRcf TOT TORT TfR pFT TifTcTT t 
75T7f effro TfTO Tjff TJtMrTT TO RlPfe TO7 ^ 4(4 PtR 75M I TOTOTf4TO 7fRtn if ^ft FRprtrRTf FT MTTft t 7M TORT 
7TTO if RlTOF 7(Mft 7M WT 7^ feRJ Ff 3ft7 3RTOft TOTO Tfft Ff 73FTFTO 7^ feP? 7M TJMtMMlt TJcfttTO (felM) 7jt 3TO 
3ft7 TOR 3TT TO FT, fMl ^MT ^ FrTC RFT Ff, 3TTp I ip Ff^Mf 4 wffTOdt TRT TJTOxTT if ftMS TfR 3TJM FfFT tr^ M 
3TTOT 7M WT 7^ feTF FfFT I 3T7TO 3TeTOrf4 7jt fePT 3MM 7|ft TJTOTT if RtTOF M t ^ t^affTR 7|ft FpFT 7^ #7H 
iff FT MTTft 11 'J’MtTT ^ RnTTO 7|ft 3T7[f4 ^tf tTOlf 7ft TOTOTTn 7^ rR^T F7 ^t RiR Ft TOTTft t 73FTFTO 7^ feR 'TTltF 
FRft ttef F?TT 'FTTOt FpR #t' TOT 'wt #T tTOff ' ftFTOf if iJTO TOTf M f$R7TT Fit 75R TOnft 11 Fft FTfTR, 
troff Rfto Tfff FTFTOT if RtoTF 7|ft 3T7rRr if ^ft RRdT Fit TjTT TO# tl 

9.2 FMTO troff TOT fR^TT # RTFF4 # feR FSF FF!# if d#d|LH R[tFT TfRft # feR ftrJTIFF f#FT 75TT7F t RP TJTO 
^FTRf Tff to#F # fR^M F?TT ifTOTff Tfft iJTO FTTpf if FRRsrfeRTf # Rrf 4 # fcR 4Rc|d#F TOTTO # FMF # f#FT 
75TT7F 11 75ft7RRF TRTRft t, Rf%Mt—fefTR—3TT7M TOT tR tTOff gTO MR TOT RT TOMT t FTO IRTlRd f#TO 7JTT TOMT t 
TOf# 75?R7RF RlPlRFidl3Tf gfRT FTO fRftRcT 7R73M 'TO' TOf 3TRF f#TO TJTT FT# 3TTOT gF: 3TTFF f#FT 7JTT FT# I f#Fft 
TRfTRTF # FF?T FTTO 'F#f TOTRRiRf 7fj#cT #TO (TO#MTO)' Ft #FTF gfR 7FFTF ^MFF # 3TfTO FFTOF 'TO' Ft 
TOTFT TOFT TOTFT 75F FTFTOT11 7M FFTOF TO' FF FTF FJTO Ft 75TTTO t # tft# FTFTTFF TR# FR f#r ft# f | 

9.3 TlftTOFF FFTct A 7TTFFT TfTO TfTO ttm TO FtFTTO F#FR (FFTO) TO #t# TOfT TfFTJFF 7ft f7[T RFTO t, f#FT tft# TOfT 
Ft FTOtTT Ft 'ij.PfRdd FF# # feR TOTFtF f#FT 75TRF 11 tfTOt RfFT ttfTOf TfF TOTFtF F#trtf # FTO FTTO (#T# TORRT 
FTO Ft 7(FF F5Ft # fcR # WTtF f#FT 7R FT7RF t) 'F#t TOtRR#F F#RT #FcT' (FFRFMRF) Ft TOTOT Ft TOFt # 
fcR t#FT 7RTO tl FTO # TOFF A #53Tf7R # TOT #TOFIiRi)e # FMT7T, tft# TOfT FF7MF "TO" Ft tTO# fRfiRcT 
tft# fcf# FTFF 3fTO (3FFFc#t) FTF t 3FFF f#FT 75TTTO 11 F#FT FsTFTF TOFFMto TOFT # FTOKT TO t 1 FTF FTO f#TT 
75TTTO 11 F#7f) 3R# FFRFMRF TcTO # FTOKT TO Ft 2 FTF # TOT #FT 75TTTO t (3TRTO# FF 3 T#FkTF FTF) I F# ### 
#TO 7ft Rq# 7TO7IF Ft #, 3#7[T TOTfT 7# TFRit TOT 7M TO' FF FTF TOFlf# FTF (TITO) # FTF1F FT # fRfTFTT: 
tft# fcf# TfTOTO FFTFT Ff 7FRFTI TO TOFT Ft tfTOt fcfFT tRcTTO (3TRTOTO) FTFt t TOT TO Wf TORTTOT ##F? #FcT 
FF TOTFfF FRFT 7# FR #F 11 3TTF FFTOR f#F# FFTO tfTOt fcfFT T#teRR Ff 7FTTO t t t (FT) tf#5 tft# #FcT 
ftttror (73TOFTOT # feR RFTFTfT FF-#FTO # FTTOlF # TOTTOT), Rn) ifTOT# 3TR7TOM # TR# # feR 7TFF # t753Tl7R 

Ftt #TOT t FFT 3TFfef7[T FFT#F 3jR/3T8TFT teffts 3TRT #R#7#t (7ftf#T TRTRF FTT# # FFTOT) ##ff gt I 
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9.4 ftft Tfe MFT RecR I 0c|fe ft cfftt f 3feUT ftft fet ft vjT^T UcR- feuft ft ftfe ^T4 ftft ft feufett vR^Ud 754 ft F^T 
HHePfe ftt UUT 7TU5UT t UTfe URftU ftt Rift 774ft ftt ftUTUUT ftt UUTUT MT Tift I HHePfe ftt UHMd: fe- UIFft, 
fe- UTFft, Ulftfe fet ft 3UR7 47 tfeffftu feUT «IM 11 MUfe 3TI7Ucrft UR ftt UHMd: ftuuft ft 3UUT7 47 ffetfftu feUT 
vjTTcTT ft F^fe feu R5U UR tfefftu feu Rift % UUUtUUT ft 3feUtU =UTR Ft 7R5UT 11 Fuftl RR ft TTUct fU, t%cTETT7cf>r ft 
uu 3uftfeu feu uu ?t % cru shk^cHcTi uhumi ftt Rfetfeu feuT rrt u#u ^gpu ^ gfe 3 hk^<h<£1 ur uut fen feftu 1 

9.5 'Hi4viiPich uTiuftf ft ufeu, arffem ffeuiTftf ft uf tjfttu feu sit % anTufet fefe utuuuui fefeu ufefetftut uu ttrut 

U57ft ft feu 3UU F^TTXf fftUTTT Umftft ft ft UU5 feUTU UMTS t aft7 F^ 4UU7 UF ftfe# ft Tiufeu tfe ft ftFU7 
Tfe 4UR U57ft ft feu 3T4ft ftuuftt fet $tta *1 URfe 774ft ft feu Fft fertt ’ft feftURU>Unft Utft ft fefeunu % 
UTF7 TTsU 75TFTT UTffe I UUTfft, 3TT7Ucrftt ft feu F'tdU UTU uft STfefefeET feu RTft ft I^SOel 4TR IgU ft I 

9.6 U5cfen (ulftfe fe) ft fe ft 36 'ft 48 TTfft ft 754 ft ufenfef feUT UUT t, U5TUft 3Tfsfe ftfet eft 3TTUTUUU eft fe (?lFft 
fe) eft feu 20 % 32 cRIT fe UlFft fe UUT Ulft ftfet eft 3UUTUUU (UTFftf ftef UT^ ftu) ft 4 7T 16 eft fer ft T^sT Mlft eft 
WT ft Ufeufel feUT UUT 11 UTTfel ^77M7 fftfelTUT wfeTMT ft Tfe UMcUSlf ft 0 Tf 16, 16 ft 32, 32 ft 48 U?U 48 ft 
64 fe TftUT ft 3n7Uefe UTU Ulft fteft TT eftkl UTUT ffeu UT | ^TT 3lfe| TT fe^MU TTft 47 UU ft^T UUT fe eftftefei Uiuftf 
ft 3U7l[cfe UTU 32 ft 48 ft ftftr ft | cTSTTfft, ftft UTUef ft MM 3fTM[cfe UTU 48 ft 64 ftt TftUT ft ftftf su I 

9.7 ftUcrft ft 3)j4^cW WT ft MTT^efe UR ft effeu ftftf ftt ftft 7TUU 47 Mfeu TpUeTfU 7?ft ft UTcU^ ftt ftfeT #T U#f 
feft I ftft UTUftf ft, U4ft J |ebdl3Tf IT7T ftfUTT ftfeT ftt ftftUT ^1470 ft Uelft ftftr ftt ftT TTft ftt MUTcRT feft aft7 UU ftftr 
fel ft 754 ft ftftefR U^f feft, Mftft ell^tfteh 754 ft ftfa #T ftt I efUcUfeu M4 ft uft ftt aUMJcfe URftft ftt ftruft ft 
ftfe fel ftt T7 ftt UR URft ft IcR ^TMUtU IftUT MT 7TURT t 47^ UR ftt UR TtUTUUT t 1ft ftft ftt ftUT 4URT ftftt 
Rgtrf Uft 3MUMUT ^fft ?uft ftuuft UU PlMKU ftt 737TU ftcU 11 ?uft uftRR, UlfefRU U? US7J7T URUT t fft 3TI74eftt ft 

feftt feftR ur ftt atfetfer fej unft ftt ftft auuuuuRi ufti f uftffe ftft ftt ftuuft ft a^uu 754 ft u^r auTfttftt ur 

47 ftR URlft ftt feftt TMTTctt ftt 3UU4UURT uff 11 ftfe ?7T U7? ft R5U TJcft ft U47M 747TU UTM6 a^UU ft 7TURT t, 
^Ufeft UlftURR ft ftft ftfRjftU uft ftUT 4URT3Tt R7T fetfeT ft UTRU ft 3iK^dft ’Jcftf ft feR 48 ft 3Tfeu URRT7 ftR 
feft ft aifefj ft IcR Ulluey URft U4 tftftu IcRT 11 

10. ftfe ftu U7 uu hRdciu 457ft ft feu ftfe ft fttft ft ffeift fftftfanu) ftsr ftfer U5r vshuIu 

10.1 fttfttan7 (ftfe ft fetft ft fferft) uft fertt fftfeR Rmfeu rrr ftuft MTRfet gtm u>7enft t, ft ftfe fer uft tt ’jruur 
U 57ft ft feu MR45lft U4 aftfttftR TTR ftt RUft ft I fttfttaiR - ftef ftt 4FUR cMT U5M ftt afeft ftt TRfftcT U57UT ft I 
ferffer afeft ft fttcR feftt afeft ft fttfttanu ft feftuR ft ferut feutt usr ftt ur-ur ftfe ftt uft ftt u? ftfer ur ttu5ut 
t fe 4ITUU ftuuft R7T ftfe #4 ftt MT Tftt 11 fttftt3U7 ft ftfe ft fefeUR ft ftUlfer ftfe ftft ftt 7RUT3Tf ft[ 4FURUT 
ftUU ftt 7TU5UT ft I 

10.2 fftcRTTftf c6T ^feftfe 

fe) 47TU?t 4feUT ft fttTR Tlftt ftUT UURraff UU UU UT fe 'ftfe ftfe' ftt 4FUR RUT iJUUftfeTU Rft ft ftuuft ft URU ^U 

Ft, 3T8TcU wflUR ft UUTU ^u fe MSIUT RTUTTU ft UUTU |U fe, fttfttauu ft fttujUT MTUUUft ft UF ftuu U# 11 FRfeu, 
fttfeanu ftUT ftfe U4 U4UR UR ftfe ftT4 ftt U7 U4 4tfecR Ufe feUT MT UMdl 11 

(74) UU5 4ftfeR RTUIUtU TReR ft UF 71,50=1 feUT UT fe 7ttftt3U7 ftfe uferf ftfe U5T uffeeR U57ft ft feu ft4 cl UU5 ftfe 

ftR ft t RUT fftMTUU UU UM U57ft ft tefe feftt uffelftt ft ft Tiuft 747TU 4ffelU 47 ftt RR ftUT Ultftu I 

10.3 uftfeTR ft, IftcRTTftt ft fefeftfe ftt RR ft 774ft ^U F^T ^ ftt MTU UR UF 4TUT fe 7ttfttaU7 ft UR ft 754 ft 4TR 
feU UU ftfe ftfe' ftfeft ftsuft ftt tfefcT ft TTUfer fftfeR Ulfet U5T ftfe 44ft 4UR UTTcft 7TUT life347 ft 4TR feu UU 
ftfe ft UTRU ft ftfeut ftuuft ft ftutfe UUU1UR ftt fttftu U57UT UU5 U|cf RT4U5 Ulft t UUT UF ftfeu feftR ^TTTUR 
U4U57R fetfeaft ft 3T7RR ehiufeud 11 UF ftt Ufe feUT UUT fe fttfttaR UU feftUR ftfe #T ftt ftUTUUT ftt fefe U57UT 
t Uftj ftfeaU7 ft 3TTUR 47 FUUU tfefe Uft feuURT MT 7TUUU % \ UF MRUUft 7R7UI ftUT U57ft ufe fe ftt 4FUR U57ft 
UUT 34ft 3UUTUURT ftft 47 UTlftt feufeft UUUUR TUffe ft TTUfe 11 FUfe 3RTTUT, ^fe fttftaU7 ftR UUT UUR ftU7 
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Rt kfR k RRlfk t, ?R kRT R> fkft k P5R RT IkelRR ^ c£RHRK RdTsbliM' k fklRT k k KM 3 RRRT kTT I ?R 

rrrrt r> RkrRrc r#rtrr ^ fcRtw kfkRr/RRck cffr kk rto rtr fr rtt 3kt Wn rtrt rrt rMstr *trt #rt 
tkckR cf?T vJMiTlPldl RRT Wta k ci|c|^|4dl RR fklR RTRf RTT f^Pf^T feRTT I 

ii. rrrIrrt rt^ri ^chict, 

11.1 WTtRRlRTf k 3PJRR cf?f TJ&IRRT RTT ’TPRT 

RT. 'RTH|ct-dl3ff k 3TRRR k ^icixii k -him 4 RTT RR} fkTRT IT? FT ’RTcRdT t % RTRlRdl RTR ukl 3PJRR fch-MI RRT t RR 3TTKTR 

RR FRRI dR^eld RTRTT I kTT cT?T i c|xi I R> RRR 3 RTR fkT RR 3PJRR RTT RWlRdl R^FT RTR RRT kTT y<4ldl R> k<1R> 
RTR ^ichd fkTT RTT 'RTcRefT 11 fcrfiR kRR> RRfk RTRRFf RR RRRtR RR kRR> RlRT ^kcb (WTRPJ3R^) RR 

iRcheH fkTT RTT RRTRT 11 ?4 RRTR, RRRlRRr RlRT 7 J D TRrR RJRRTTRT (#RRf^3R^) RR uRcbeH RRRlRRr kkR RTRk Rk 
RtR5 k 3fR tft-k ftg fecIR-flRdl k #sRr RTRTT RRT ftfck RTRTT; ftfcRT/RRR % RJ# kRRRcf 3fk R ReT kfR 
^Rchfcld 1%RT RTT RRTRT f| 5 # RRTR, WTtRRT R^k R> WR % WTtRRT kjtRdl R&FT ^Rc|xR ^RRRRT 
(#RRRTR^3TT^) RR iRcbelH %RT RTT RRTRT 11 

(2l) dRRRId 'Rr-Rr ^JRRRk RR WTtR RR % RTOTRT R 3Mfk R^RT RTRRR R kjcR RtRTFeT RtRT RRTRT Rt 
IkTTRR RR ’JRRRRT RTRT cM Rckr RTRR3 k #R RTR ^ RT feR? 1%RT RR RTRkR t (RTR RRfT ^ tRRTR) RM f%RT RRcR 
t, RT RT RTRRRT RTT 10 % R RTRTRT RRTR f%R RTTRr I RTRR5 RR ftwiRR #RTTRi ^ ^T R f^TTRR ^ RR ^ 3RRR 
R RMTRT RtT RRT RR f^RT RRRTT ) RR^RR, RT’ft RTRR^f ^ fcR^ RTRTTR^ RTf Rk ftRT RRRTT ?RRR wk RR^ |R 
'RPTtRRT R^RTR RJRRRRT (RftRTak)' RR RfkcTR feRT RR RTRRR 11 

(R) Rftwit WTTRRRlf ^ cRRFR RR kRR^ ^ RTRRfk f^RRR RR RTRtRFT RRRT t, RFM ^RRtR 3RJRR RR kr ^RRiR 
3TJRR RTT RT^i RTlftcT 1%RT RRT t Rl% WTtRRT ^ RTlk ^ kRR) wWM RR #T ^JRRRR ^ k 1%RT RR R#l 
RTRf% RTRM f^l^RRff RTT kRR> ^ RTRcrfk PlNKH RR ’JcRTRRT RR^ ^ 1 cT 4 ^ R#[cT feRT RRT 11 ?RRR RfkcTR 
RR^ ^ fkj RRR iRcld-flil RRRRT - RRRlRxR R?T RTRTRR, RTR ^ RTRR ^ 3TJRR; R|rM ^RRtR RRRR; WTtRR R^dl; 
kR R?T R^TRfR ^ RTRR ^ 3TJRR; RRRtRR ft^T RR RfRM RlPlRkldlRTT RTT Rfkrfk Rk R)T 3RRRRRRR 11 

(R) RRRtRRT R^RT TJRRRRT k RRRTfkT, RlkcTR R?T RTgfcT, RRH R^RR^R RRW ftp# Rfkrfk M Rk R^t 3RRRRRRR t 
RRT RRRR iRcbdH ^RT RRRR f^R RRRT t, R? RTRR ^ HRRIWf ^ RR RRR f%R RR 4| 

11.2 %RRTCRTt ^ RR 

(RT) WRf R)t RfeRT ^ kRR TtRT RRTR RRT R# RRf ^ ^FTTR RT k 3T^TR Rft ^RRR (RJ3Ttt) fkRRW t RRT RTRlRRa# 
R^t 3TRR3Tf ^ 3TfRR RRcTR RFR t RRT SFlRRlRT RTTRT RTTRSRRT 3TRRIRR, ^T^R, 3TJRR 3R^ RTR RRlfk ^R t 3k 
FR^R ?RRTT RTRR R# %RT RTIR R#R I 

(R) RTRftR c^RriK f^RTTW RfeRRR ^ RTR RRftf^ ^ ^RtRR kTRT ^ ^FTTR fa RRRRR^k ^T 30 RtePTcT #pRPJ3TTt 
RTT 40 RfkTR RRT 4TRRRRR’J3 t 4 RTT 30 RfklR RR R? RTR 3TJRR k ^JRRrR RTT iRcbeH f^R RR RRTRT t 3k 
#TRR5JR^3k k RR 4 RR fkeT 2 RRf ^ 3TRRR ^ 3TTRR RR 3k 3klRT RkfT RRTR RTPT k 3RRRRRTRT 11 RRT 3k RJ5RR 
RM |3R RT k RTR WTTRRT3TT ^ 3TJRR k ^yRRRT RR RTRR R)k ^ fcT^ RRT kR RR RR^R kRT RT RRTRT t 

^T FRRT kprk k RRFTRk ^ kkT RTk ^ RRRRR kRT I 3TJRR k ^RRRT RR RTRR RTRT ^ kR RRRtRRTk R> 
RTR dM0 Rrk k RefTF Rk k Rldl t tjfcb kfT3k k RRR Rd<R fcpRTR fkRRRRT krT 11 

(R) RlteRR ^ flclRTRk R> ^fkfkT RR kRR kRT RRT RF k Tkftkk kSRR4 RR RRRtR Rrk RF^R RTRR t Ikk 

rrrtrrt3t! k RTfkr Ikn rr Rk rrt rrrtrrt3tT rtr 3t^rr k ^rirt k rrr ^T uRlIkii rrt%t k rr Rk rrt rrrr 

TJRRTRTR fkR RT Rk I ?R RRR ^ RTRftR ^TRRR fkRTTRRT RTf§IRTRR ^ FTR f[ ^ " RIRftR ^TRRR fklRlRRT RlfkTRR 
RTR RRcT RR” R>T 3RRT kRT t Rj1d0 RRRR ^ RRkfRT RRcfT k kkT RTR RRTcT 11 RTR k RR RR RRR k J J, u l4dl k 
RR%R RR RRTcR t RRT RTRftR ^RW fkRTTRRT RlkRTRR k kf RRTRT 11 RRRTRRTk k R^IkT RTRT gkn RTRTTRT RT 
RRTRT t dlk ^ 3TerR-3TePT klT RRTRT3Tf k kRR> k ■ i J ) u I<4t 1I k RRFT RRf I 
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TELECOM REGULATORY AUTHORITY OF INDIA 
NOTIFICATION 

New Delhi, the 18th August, 2017 

THE STANDARDS OF QUALITY OF SERVICE OF BASIC TELEPHONE SERVICE (WIRELINE) AND 
CELLULAR MOBILE TELEPHONE SERVICE (FIFTH AMENDMENT) REGULATIONS, 2017 ( 4 of 2017) 

F. No. 304-2/2016-QoS. —In exercise of the powers conferred upon it under section 36, read with sub-clauses 

(i) and (v) of clause (b) of sub-section (1) of section 11, of the Telecom Regulatory Authority of India Act 1997 (24 of 
1997), the Telecom Regulatory Authority of India hereby makes the following regulations further to amend the 
Standards of Quality of Service of Basic Telephone Service (wireline) and Cellular Mobile Telephone Service 
Regulations, 2009 (7 of 2009), namely: - 

1. (1) These regulations may be called the Standards of Quality of Service of Basic Telephone Service (wireline) 
and Cellular Mobile Telephone Service (Fifth Amendment) Regulations, 2017 (4 of 2017); 

(2) They shall come into force with effect from the 1st day of October 2017. 

2. In sub-regulation (3) of regulation 1 of the Standards of Quality of Service Basic Telephone Service (wireline) and 
Cellular Mobile Telephone Service Regulations, 2009 (7 of 2009) (hereinafter referred to as the principal 
regulations), after clause (iii), the following clause shall be inserted: - 

"(iv) Access Services authorized under Unified License (UL)"; 

3. In sub-regulation (1) of regulation 2 of the principal regulations, 

(a) after clause (a), the following clause shall be inserted:- 

"(aa) Access Services Authorization under Unified License (UL) 

(i) means collection, carriage, transmission and delivery of voice and/or non-voice messages over 
Licensee's network in the designated Service Area. 

(ii) The Licensee can also provide Internet Telephony, Internet Services including IPTV, Broadband 
Services and triple play i.e. voice, video and data. 

(iii) While providing Internet Telephony service, the Licensee may interconnect Internet Telephony 
network with PSTN/PLMN/GMPCS network. The Licensee may provide access service, which 
could be on wireline and/or wireless media with full mobility, limited mobility and fixed wireless 
access 

(b) after clause (b), the following clause shall be inserted:- 

"(ba) 'Base Station" or "BS" means a network element in a radio access network that is responsible for 
radio transmission and reception in one or more Cells to or from the user equipment and it includes BTS, 
Node B and eNode B; 

(bb) "Base Transceiver Station" or "BTS" means a Base Station in a GSM or CDMA based radio access 
network technology"; 


(c) for clause (d), the following shall be substituted:- 
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"(d) "Cell" means an area of radio coverage identified by a Cell Global Identity or CGI"; 

(d) after clause (e), the following clauses shall be inserted 

"(ea) "Cell Identity" or "Cl" means identity of a cell which is unique within a Location Area(LA) or a 
Tracking Area (TA)’’; 

(eb) "Cell Global Identity" or "CGI" means the Globally Unique Identification of a cell and is the 
concatenation of the Mobile Country Code (MCC), Mobile Network Code (MNC), Location Area 
Code(LAC) or Tracking Area Code (TAC) and the Cell Identity (Cl)’’; 

(ec) "Cell_Q(t) M or "Cell Quality of Service Performance Measure for DCR Parameter" means the 
t th percentile value in the set of DCR values corresponding to a Cell observed during the assessment 
period”; 

(ed) "Cell_Q(90)" means Cell_Q(t) with t=90 and indicates the 90th percentile DCR value in the set of 
DCR values observed for a Cell in the assessment period; 

Explanation : If a Cell was operating for ninety days during an assessment period and computed DCR 
values were available for all these ninety days then arranging these ninety DCR values in ascending 
order and finding 90 th percentile DCR value for that Cell would point to 81 st DCR value (counted from 
lowest to highest DCR value). This Cell_Q(90) DCR value will be the representative DCR value for 
calculation of Spatial Distribution Measure of that Cell during that assessment period"; 

(e) sub-clause (iv) of clause (f) shall be substituted by the following 

"(iv) includes any service provided through Global System for Mobile Communications (GSM), Code 
Division Multiple Access (CDMA), Wideband CDMA based Universal Terrestrial Radio Access 
Network (UTRAN), Evolved Universal Terrestrial Radio Access Network (E-UTRAN) based on Long 
Term Evolution (LTE) technologies and any other technologies permitted under the CMTS or UASL or 
UL"; 

(f) after clause (h), the following clauses shall be inserted:- 

"(ha)"Day_Q(s)" or "Network Quality of Service Performance Measure on a Day for DCR 
Parameter" means the s th percentile DCR value in the set of DCR values of all cells of the network on 
a particular day; 

(hb) "Day_Q(97) M means Day_Q(s) with s=97 and indicates the 97 th percentile DCR value in the set of 
DCR values of all Cells of the network on a particular day; 

Explanation: If ten thousand cells were operating in a network on a particular day and computed DCR 
values were available for all these ten thousand cells then arranging these ten thousand DCR values in 
ascending order and finding the 97 th percentile DCR value would point to the 9700 th DCR value 
(counted from lowest to highest). This Day_Q(97) value will be the representative DCR value for 
calculation of Temporal Distribution Measure of the network on that day; 

(he) "Drop Call Rate" or "DCR" means the percentage of voice calls which once having been 
established are interrupted prior to their normal completion; 






38 


THE GAZETTE OF INDIA : EXTRAORDINARY 


[Part III— Sec. 4] 


(hd) "eNode B M or "evolved Node B" or "eNB" means a Base Station that acts as a logical node in 
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) based on Long Term Evolution 
(LTE) technology"; 

(g) after clause (j), the following clause shall be inserted: - 

"(ja) "Location Area" or "LA" means an area in which a mobile station may move freely without 
updating the Visitor Location Register (VLR) and includes one or several cells in GSM or CDMA or 
UTRAN Network; 

(jb) "Location Area Code" or "LAC" means a number of fixed length identification number (of 2 
octets) used for identifying a Location Area (LA) within a Public Land Mobile Network (PLMN)"; 

(h) clause (la) shall be substituted by the following 

""Node B" means a Base Station that acts as a logical node in a Universal Terrestrial Access Network 
(UTRAN) based on Wideband CDMA (WCDMA) technology"; 

(i) after clause (la), the following clause shall be inserted: - 

"(lb) "Network_Q SD (s,t) M or "Network Quality of Service (QoS) DCR Spatial Distribution 
Measure" means the s th percentile value in the set of Cell_Q(t) values for all cells in a network during 
the assessment period; 

Explanation : Network_Qso(s,t) is a representative DCR spatial distribution value for the entire network 
during the assessment period and indicates that Cell_Q(t) value of at-least s% of the cells were equal to 
or lower than the Network_Q S D(s,t) value; 

(lc) "Network_Q SD (90,90)" means Network_Qso(s,t) with s=90 and t=90, and indicates 90 th percentile 
value of Cell_Q(90) values of all cells in the network; 

Explanation: Network_Q S D(90,90) value is a representative DCR spatial distribution value for the entire 
network during the assessment period indicating that Cell_Q(90) value for at-least 90% of the Cells 
were equal to or lower than the Network_Q S D(90,90) value. For example, if a network was operating 
with ten thousand cells on ninety days during the assessment period then Network_Q S D(90,90) value 
will be the 90 th percentile Cell_Q(90) value out of the available ten thousand Cell_Q(90) values; 

(l d) "Network_Q TD (s,t) M or "Network Quality of Service(QoS) DCR Temporal Distribution 
Measure" means the t th percentile value in the set of Day_Q(s) values for a network on all days in the 
assessment period; 

Explanation: Network_Q TD (s,t) is a representative DCR temporal distribution value for the entire 
network during the assessment period which indicates that the Day_Q(s) value for at-least t% of the 
days during the assessment period were equal to or lower than the Network_Q TD (s,t) value; 

(le) "Network_Q TD (97,90)" means Network_Q TD (s,t) with s=97 and t=90, it indicates 90 th percentile 
value of Day_Q(97) values of network on all days in the assessment period; 

Explanation: Network_Q TD (97,90) is a representative DCR temporal distribution value for the entire 
network during the assessment period indicating that the Day_Q(97) values of the network for at-least 
90% of the days of the assessment periodwere equal to or lower than the Network_Q TD (97,90) value. 





[W1 4] 


^TRcT TNPTI : 3TOT'W 


39 


For example, if a network was operating with ten thousand cells for ninety days during the assessment 
period, then the Network_Q TD (97,90) value will be the 90 th percentile Day_Q(97) value out of available 
ninety Day_Q(97) values; 

"(If)” n th Percentile" or "n th Percentile Value" means the smallest data value in a given data set with 
the property that n% of the data values in that data set are less than or equal to it. 

Explanation: Percentile is a measure of relative standing of an observation within the data set, for 
example, if 90 th percentile value is to be calculated in a data set of 200 DCR values each falling in the 
interval from 0 to 100 (in percent), then it would point to DCR value at 180 th position (90% of 200), 
when all 200 DCR values are arranged in ascending order and say it is 3.45% (DCR value) in this 
example. The 3.45% DCR value will be the smallest DCR value in the given set of 200 DCR values 
with the property that 90% of the DCR values in this set i.e. DCR values from position 1 to 179 in set of 
values arranged in ascending order, are less than or equal to it. If the data set has many data values in the 
given data set with 3.45% DCR value, then 90th percentile would point to all such DCR values. In case, 
n% of the data values comes out to be a number with fraction then rounded up number shall be used." 

(j) after clause (m), the following clause shall be inserted :- 

"(ma) "Evolved-Universal Terrestrial Radio Access Network (E-UTRAN) Radio Access Bearer" 

or "E-RAB" means a user plane connection between User Equipment (UE) and Serving Gateway 
(SGW) in the LTE based technology;" 

(k) after sub-clause (rb), the following clause shall be inserted:- 

"(rba)"Radio Link Timeout" or "RLT" means the Radio Link Timeout value broadcast by the GSM 
based radio access networks to initialize 'S' counter"; 

(l) after clause (u), the following clause shall be inserted: - 

"(ua) "Tracking Area" or "TA" means an area in which a mobile station may move freely without 
updating the Mobile Management Entity (MME) and includes one or several cells of Evolved Universal 
Terrestrial Radio Access Network (E-UTRAN); 

(ub) "Tracking Area Code" or "TAC" means a fixed length identification number (of 2 octets) used 
for identifying a Tracking Area within a Public Land Mobile Network (PLMN)"; 

(m) after clause (y), the following clause shall be inserted:- 

(z) "Voice over LTE" or "VoLTE" means voice call established, maintained and released using IP 
(Internet Protocol) Multi-Media Sub-System (IMS)." 

4. In sub-regulation (1) of regulation 5 of the principal regulations, in the table, the column headings and entries in 
Serial Number A, Network Service Quality Parameters shall be substituted by the following column headings and 
entries:- 
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Serial 

Number 

Name of Parameter 

Benchmark 

Method and Assessment 

period 

A 

Network Service Quality Parameters: 

(i) 

Network Availability 


(a) Base Station Accumulated downtime (not 

available for service) 

<2% 

On average basis over a 

period of one quarter 


(b) Worst affected Base Station due to 

downtime 

<2% 

On average basis over a 

period of one quarter 

(ii) 

Connection Establishment (Accessibility) 


(a) Call Set-up Success Rate and Session 

Establishment Success Rate for Circuit 

Switched Voice or VoLTE as applicable 

(within licensee's own network) 

>95% 

On average basis over a 

period of one quarter 


(b) SDCCH/ Paging Channel Congestion / 

RRC Congestion 

< 1% 

On average basis over a 

period of one quarter 


(c) TCH, RAB and E-RAB Congestion 

<2% 

On average basis over a 

period of one quarter 

(iii) 

Connection Maintenance (Retainability) 


(a) Network QoS DCR Spatial Distribution 

Measure [Network_Q SD (90,90)] 

<2% 

On percentile basis over 

a period of one quarter 


(b) Network QoS DCR Temporal Distribution 

Measure [Network_Q TD (97,90)] 

<3% 

On percentile basis over 

a period of one quarter 


(c) connections with good voice quality, 

Circuit Switched Voice Quality and Voice 

over LTE (VoLTE) quality 

>95% 

On average basis over a 

period of one quarter 

(iv) 

Point of Interconnection (POI) Congestion (on 

individual POI) 

<0.5% 

On average basis over a 

period of one quarter 


5. In sub-regulation (1) of regulation 5 of the principal regulations, below the table, the following shall be inserted- 

NOTE-1: The performance against benchmarks for the parameters listed under (i), (ii) and (iii) in the table shall be 
computed for all the cells, which are being used to provide Circuit Switched Voice or VoLTE service, in the License 
Service Area (LSA) in which a service provider is operating; 


Explanation: In case, VoLTE service is provided by the service provider then DCR values for the cells of the eNodeBs 
will be included for the parameters listed under (iii) in the table and if only Circuit Switch based voice calls are provided 
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then cells in the eNode Bs will not be included for the assessment purposes of parameter under (iii) in the table; 

NOTE-2: All DCR values for the assessment period shall be considered for Percentile value computation for the 
parameter listed under (iii) (a) and (iii) (b) in the table except the cases enumerated in the table for list of 'DCR Codes 
(DC)' given in Note 5; 

NOTE-3: DCR values of each cells for the computation of parameter listed under (iii) (a) and (iii) (b) of the table shall 
be computed, up to two decimal places, during Cell Bouncing Busy Hour; 

NOTE-4: Blank DCR entries or entries filled with any value other than computed DCR value or entries filled with any 
code or text other than DCR codes specified in Note 5, shall be considered as non-submission of compliance report; 

NOTE-5: DCR codes as given below in the table shall be used for the reasons and circumstances corresponding to the 
codes: 


DCR 

Code 

Stands for 

Reason or circumstances 

DNE 

Does Not Exist 

The cell was either not commissioned or de-commissioned in the middle 

of the assessment period and was not part of the network to serve the 

users in the network. 

NOP 

Not Operational 

The cell was not in operation either due to planned shut down or force 

majeure condition or technical problem and thus not able to serve the 

users in the network. 

NAV 

counter values 

Not Available 

If the requisite counter values for computation of DCR for a Cell on a 

particular day could not be captured due to technical glitch although the 

cell was operational. 

NDM 

computation of 

DCR Not 

Determinable or 

irrelevant 

In case, DCR values are indeterminate or computed value is irrelevant 

for the purpose of assessment 


NOTE-6: Authority may further add, modify or delete the list of DCR Codes, through directions issued from time to 
time; 

NOTE-7: Usage of DCR codes for reasons and circumstances other than that as specified in Note 5 shall be treated as 
violation in terms of sub-regulation (3) of Regulation 5 of the principal regulations. 

6. In regulation 5A of the principal regulations,- 

(a) in sub regulation (1), after the words, characters and number "regulation (5)”, the following shall be 
inserted:- 


(i) “, other than the DCR related parameters i.e. Network_Q SD (90,90) and Network_Q TD (97,90); 
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(b) after sub-regulation (1), the following sub-regulations shall be inserted:- 

"(la) If a cellular mobile telephone service provider fails to meet the benchmark for the parameter 
‘Network_Q S D(90,90)\ specified under sub-regulation (1) of regulation (5), it shall without prejudice to the 
terms and conditions of its license, or the Act or rules or regulations or orders made, or directions issued 
thereunder, be liable to pay an amount, by way of financial disincentive, as given in the table below, for the 
contravention, reported by the service provider in its quarterly report: 


Value of Network_Q SD (90,90) in quarterly report 

Amount of Financial Disincentives in 

rupees 

More than 2% but not exceeding 4% 

not exceeding One lakh 

More than 4% but not exceeding 6% 

not exceeding Two lakhs 

More than 6% but not exceeding 8% 

not exceeding Three lakhs 

More than 8% but not exceeding 10% 

not exceeding Four lakhs 

More than 10% 

not exceeding Five lakhs 


Provided that if the service provider fails to meet the benchmark consecutively in two or more subsequent 
quarters, he shall be liable to pay, by way of financial disincentive, an amount not exceeding one and half 
times of financial disincentive payable, for the consecutive contravention and not exceeding twice the 
financial disincentive liable to be paid as specified in the table above for each consecutive contravention 
occurring thereafter: 

Provided also that no order for payment of any amount by way of financial disincentive shall be made by 
the Authority unless the cellular mobile telephone service provider has been given a reasonable opportunity 
by representing against the contravention of the regulation observed by the Authority. 

(lb) If a cellular mobile telephone service provider fails to meet the benchmark for the parameter 
‘Network_Q TD (97,90)\ specified under sub-regulation (1) of regulation (5), it shall without prejudice to the 
terms and conditions of its license, or the Act or rules or regulations or orders made, or directions issued 
there under, be liable to pay an amount, by way of financial disincentive, as given in the table below, for the 
first contravention, reported by the service provider in its quarterly report: 


Value of Network_Q TD (97,90) in quarterly report 

Amount of Financial Disincentives in 

rupees 

More than 3% but not exceeding 5% 

not exceeding One lakh 

More than 5% but not exceeding 7% 

not exceeding Two lakhs 

More than 7% but not exceeding 9% 

not exceeding Three lakhs 

More than 9% but not exceeding 11% 

not exceeding Four lakhs 

More than 11 % 

not exceeding Five lakhs 


Provided that if the service provider fails to meet the benchmark consecutively in two or more subsequent 
quarters, he shall be liable to pay, by way of financial disincentive, an amount not exceeding one and half 
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times of financial disincentive payable, for the consecutive contravention and not exceeding twice the 
financial disincentive, liable to be paid as specified in the table above, for each consecutive contravention 
occurring thereafter: 

Provided also that no order for payment of any amount by way of financial disincentive shall be made by 
the Authority unless the cellular mobile telephone service provider has been given a reasonable opportunity 
by representing against the contravention of the regulation observed by the Authority. 

(lc) The total amount payable as financial disincentives, under sub-regulation (la) and (lb), shall not exceed 
rupees ten lakhs, in a quarter. 

(l d) The Authority may, impose a lower amount of financial disincentive than the amount of financial 
disincentive payable as per the provisions in sub-regulation (la) or (lb) or (lc), as the case may be; where it 
finds merit in the reasons furnished by the service providers: 

Provided that the decision of the Authority in such circumstances shall be final and binding on the service 
providers.” 

7. In sub-regulation (1) of regulation 6 of the principal regulations,- 


in the table, the following numbers, words, characters shall be inserted:- 


Serial Number 

Name of Parameter Benchmark 

2 

Radio Link Timeout (RLT) 4 to 64 


(a) after sub-regulation (6), the following sub-regulation shall be inserted:- 


“(6a) The service provider shall keep records of those BTS with their locations, which were configured with 
Radio Link Timeout (RLT) values equal to or higher than 48 for a period of more than 3 consecutive days. 
Service provider shall maintain the records of valid reasons or justification for keeping RLT equal to or 
more than 48 for each Cell of BTS and provide it to the Authority or its authorized agency or representative, 
on demand, for verifications”. 

SUNIL KUMAR GUPTA, Secy. (In-charge) 
[ AD VT. -III/4/Exty./192/17] 

Note.l. —The principal regulations were published in the Gazette of India, Extraordinary, Part III, Section 4 dated the 
20th March, 2009 vide notification No. 305-25/2008-QoS dated the 20th March, 2009. 

Note.2. —The principal regulations were amended by issuing the Standards of Quality of Service of Basic Telephone 
Service (Wireline) and Cellular Mobile Telephone Service (Amendment) Regulations, 2012 (10 of 2012) dated the 7th 
May, 2012. 

Note.3. —The principal regulations were further amended by issuing the Standards of Quality of Service of Basic 
Telephone Service (Wireline) and Cellular Mobile Telephone Service (Second Amendment) Regulations, 2012 (24 of 
2012) dated the 8th November, 2012. 

Note.4. —The principal regulations were further amended by issuing the Standards of Quality of Service of Basic 
Telephone Service (Wireline) and Cellular Mobile Telephone Service (Third Amendment) Regulations, 2014 (12 of 
2014) dated the 21st August, 2014. 







44 


THE GAZETTE OF INDIA : EXTRAORDINARY 


[Part III— Sec. 4] 


Note.5. —The principal regulations were further amended by issuing the Standards of Quality of Service of Basic 
Telephone Service (Wireline) and Cellular Mobile Telephone Service (Fourth Amendment) Regulations, 2015 (8 of 
2015) dated the 15th October, 2015. 

Note.6. —The Explanatory Memorandum explains the objects and reasons of the “Standards of Quality of Service of 
Basic Telephone Service (wireline) and Cellular Mobile Telephone Service (Fifth Amendment) Regulations, 2017 ( 4 of 
2017). 

Explanatory Memorandum 

1 Background 

The rationale for regulations in the telecommunication sector is closely linked to the objectives of 
protecting the interests of telecom service providers, telecom consumers and maintaining an environment 
of orderly growth in the sector. One of the key responsibilities assigned to TRAI is to lay down the 
standards of quality of service to be provided by the service providers so that telecom subscribers should 
get a fair and satisfactory quality of service (QoS). The International Telecommunications Union (ITU) 
defines QoS to mean “Totality of characteristics of a telecommunications service that bear on its ability to 
satisfy stated and implied needs of the user of the service ”. 

1.1 In general, markets are expected to function in a manner that consumers would gravitate towards 
providers that offer them the best service experience at the most competitive prices. But, in fact, 
subscribers come to know the quality of service provided by the service provider only after subscribing 
and using the services. And subscribers do not have the information to assess whether the services of a 
competing TSP are likely to be more or less satisfactory than those offered by their current provider. 

1.2 Telecom Regulatory Authority of India (TRAI) has been given the mandate under the TRAI Act, 1997 to 
lay down the Quality of Service (QoS), to ensure the QoS and to conduct the periodical survey of such 
service provided by the service providers so as to protect the interests of the consumers. 

1.3 In exercise of its functions under the above provisions in the TRAI Act, the Authority had notified the 
“Regulation on Quality of Services (QoS) of Basic and Cellular Mobile Telephone Services, 2000” vide 
Notification dated 5th of July, 2000. The objectives of these regulations were to 

a. create conditions for customer satisfaction by making known the quality of service which the 
service provider is required to provide and the user has a right to expect; 

b. measure the Quality of Service provided by the Service Providers from time to time and to 
compare them with the benchmarks so as to assess the level of performance; and 

c. to generally protect the interests of consumers of telecommunication services. 

1.4 These regulations were subsequently reviewed and TRAI issued the revised QoS standards for these 
services in July 2005. The regulations issued in 2005 were further reviewed in 2008-09 and TRAI issued 
“The Standards of Quality of Service of Basic Telephone Service (Wireline) and Cellular Mobile 
Telephone Service Regulations, 2009” in March, 2009. 

1.5 The QoS regulations of 2009 were first amended in May, 2012 to provide for parameters for 3G services. 
In November, 2012 TRAI amended the regulations to include financial disincentives for delay in 
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submission of compliance reports, non-compliance with the benchmarks for QoS parameters, and for 
wrong reporting of QoS performance. The introduction of these financial disincentives was based on the 
information collected by TRAI through various QoS audit analysis reports which revealed that some of 
the service providers were “repeatedly not meeting the QoS benchmarks for some prescribed parameters 
and no consistent improvement is noticed in spite of the measures taken by TRAI. Therefore, there is a 
need to provide for financial disincentives for failure to meet the Quality of Service benchmarks”} 
Accordingly, the Authority decided that there was a need to introduce financial disincentives in relation to 
the performance of service providers under the QoS benchmarks so as to strengthen the effectiveness and 
compliance of the said regulations. 

1.6 Subsequently, a third amendment to the regulations was issued in August 2014, to address the practical 
difficulties expressed by the service providers in meeting the benchmarks. To create further deterrent 
against consecutive non-compliance with the benchmarks, TRAI again amended the regulations on 15th 
October 2015, providing for increased financial disincentives in cases of repetitive non-compliance. 

1.7 Even with the regular monitoring of QoS parameters and financial disincentives in cases of non- 
compliance, there have been growing concerns by consumers regarding poor QoS and increasing call 
drops, with a large number of consumers complaining about poor quality of experience (QoE), i.e. the 
level of quality that customers believe they have experienced. This was in contrast to observed QOS 
parameters where service providers were generally meeting the existing benchmarks for most of the QoS 
parameters. 

1.8 In this background, with a view to compensate the customers for poor quality, the Authority undertook 
public consultation and issued the “Telecom Consumers Protection (Ninth Amendment) Regulations, 
2015 (9 of 2015)” on October 16th, 2015. Through these regulations, TSPs were mandated to provide 
compensation of one Rupee for each dropped call to the calling consumers, limited to three dropped calls 
in a day. However, these regulations were struck down by the Hon’ble Supreme Court. 

1.9 As it was being observed that there is a significant divide between the performance of TSPs against the 
current QoS benchmarks and the actual network performance as experienced by subscribers. This called 
for a need to reassess the current benchmarks and move towards adopting revised QoS norms and 
parameters that may be better equipped for achieving the desired goals. This is in line with the Authority’s 
duty to lay down the QoS standards and ensure that such standards are met “so as to protect interest of the 
consumers of telecommunication service ”. Accordingly, the Authority decided to relook into the various 
other options for ensuring QoS, including redefining the various QoS parameters and benchmarks, 
measurement methodology etc. so as to improve the QoE of customers. 

1.10 QoS network parameters, at present, are being evaluated for the service area as a whole and daily 
performances are averaged over a month for assessment of the performance of service providers at the 
level of the Licensed Service Area (LSA). But there could be many areas/ localities within the network 
where the performance on existing QoS parameters could be poorer in comparison to other parts of the 
LSA. 


1 Explanatory Memorandum to the Standards of Quality of Service of Basic Telephone Service (wireline) and 

Cellular Mobile Telephone Service (Second Amendment) Regulations, 2012. 






46 


THE GAZETTE OF INDIA : EXTRAORDINARY 


[Part III— Sec. 4] 


1.11 When the dropped call rate (DCR) is measured by averaging across the country, as mentioned in the 
consultation paper, more than 12% of the individual base transceiver stations (BTS) report a call drop rate 
of more than 2% and approximately 1% of the individual BTS report a call drop rate of more than 10%. In 
contrast, the overall call drop rate in the country - using the existing measure - was around 0.7%, which is 
well below the benchmark. TRAI has issued a Direction on 29th July, 2015 to the TSPs to provide the call 
drop rate in 63 cities across the country. It should be noted that in most of the cities, the TSPs are 
generally meeting the call drop rate of 2%, once again signaling a gap between the benchmark 
performance and end user experience. 

1.12 The problems created as a result of this gap can be better explained by taking a closer look at the design 
and implementation of cellular networks. A cellular network consists of a large number of BTS, which is 
the infrastructure through which communication signals are transmitted between the subscriber’s 
equipment (i.e. mobile phone) and the TSP’s network. In general, each BTS consists of three cells each of 
which covers a certain number of subscribers within its coverage area. As the users of cellular networks 
move across several locations, the voice calls being made by them are handed over from one cell to 
another. This may lead one to assume that a subscriber’s QoE is dependent on the performance of its 
TSP’s network across the broad geographic area within which a subscriber would typically use its 
services. However, in reality, a large number of users typically use their mobile phones for making calls 
from one or two specific locations where they spend most of their time, in addition to a part of the time 
that may be spent in transit. For instance, subscribers who predominantly use their mobile phones at home 
or at their place of work would be most directly impacted by the performance of the TSP’s cells that cover 
these specific areas. From the perspective of those users, degraded performance of these cells cannot be 
offset by better performance of the TSP’s cells in some other location. 

1.13 In view of this, the Authority undertook a public consultation in the matter by releasing a consultation 
paper on “Review of network related Quality of Service standards for Cellular Mobile Telephone Service” 
on 5 th August, 2016 seeking comments of stakeholders by 16 th September, 2016. In response to the 
Consultation Paper, the Authority received comments from 13 stakeholders. An Open House Discussion 
was also held with the stakeholders at Chennai on 21 st December, 2016. All comments received from 
stakeholders during the consultation process have been considered by the Authority while finalizing these 
regulations. 

1.14 Key issues in the Consultation Paper (CP) raised to review network related QoS standards for Cellular 
Mobile Telephone Service (CMTS) were: 

a. Redefining existing network related QoS parameters 

i. options to measure and benchmark QoS at Sub-service area level i.e. at LDCA (Long Distance 
Charging Area)/DHQ (District Headquarter)/City/Town/BTS level 

ii. options to benchmark call drop rate by calculating it at License Service Area (LSA) level 
during Time Consistent Busy Hour (TCBH) or by calculating it during Cell Busy Bouncing 
Hour (CBBH) at BTS level 

iii. options to define parameters and benchmarks to make them technology agnostic 

b. Introducing additional Parameters to measure network related QoS parameters 
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i. Criteria to set the RLT (Radio Link Timeout) parameters and values that need to be set 

ii. Options to calculate call drop rate through CDR data analysis and benchmark for this purpose 

c. Defining Consumer satisfaction index for Quality of Experience (QoE) purpose and methodology 
of calculating such index. Also identifying latent variable and ways to calculate them. 

d. Introducing a Graded Financial Disincentive based on performance and quantum of financial 
disincentives for various parameters. 

1.15 Four issues raised in above sub-para 1.14 (a) namely, Sub-Service Area, TCBH vs. CBBH, options to 
define new parameters (including defining technology agnostic parameters) & setting new benchmarks 
are related with assessment methodology of Drop Call Rate (DCR) parameters. For the analysis of all 
these four issues and re-defining framework for DCR assessment methodology requires re-look into 
assessment area, assessment period, statistical measures to be used for the assessment, defining new 
parameter(s) and benchmark(s), if need. All these issues need to be deliberated together and therefore, this 
set of four issues have been deliberated in a combined manner in Para 2 to Para 7. 

1.16 Rest of the four issue mentioned in sub-para 1.14 (b) and 1.14(c) namely, Graded Financial Disincentives, 
criteria to set RET parameter, CDR data analysis for Call Drop Rate assessment and Customer 
Satisfaction Index have been deliberated subsequently in the Para 8 to Para 11 respectively. 

2 Present Methodology of Drop Call Rate (DCR) Assessment and related issues 

2.1 One of the main issues highlighted in the consultation paper was regarding the present methodology of 
assessment of the performance of service providers by averaging QoS parameter over the service provider 
network. CP emphasized the adverse impact of averaging out the 'Call Drop Rate 'parameter over a 
service area as a whole and also averaging out over a month. The averaging method for assessment of 'call 
drop rate' parameter could not identify local variations in many areas/ localities within the network where 
the performance on these QoS parameters could be poor. 

2.2 One of the options to address the issues related to averaging may be to apply averaging on a smaller 
geographical area or for a shorter time period. For example, averaging on sub-service area instead of 
complete service area may contain the averaging effect within that sub-service area. Monitoring of 
benchmarks for various parameters on a sub-service area level may help in identifying the problem areas, 
taking measures to address the problem, and consequently ensuring better QoS. Other options to address 
the averaging effect may be to explore and define new parameters for the QoS standards. 

2.3 The main issues raised in the consultation paper related to DCR assessment methodology were 

a. Whether Measurement of QoS should be at sub service area level (FDCA/ DHQ/ City/ Town / BTS 
Wise) or a combination? 

b. Whether call drop should be measured at TCBH or at CBBH? 

c. How should the benchmark for the parameters be revised? What should be the benchmarks and how 
should they be measured? 

2.4 TSPs' views 
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a. During the consultation process, service providers and industry associations had supported the 
present system of QoS measurement at LSA level. 

b. The reasons advocated by them in support of their suggestions are that 

i. maintaining uniform QoS in all parts of the LSA is not possible due to various factors which 
are beyond their control, 

ii. no international reference of sub-service area level benchmarking in geography comparable 
to India is found, 

iii. the problem areas are well identified through the raw data network counters submitted to the 
Authority and also through regular drive tests, 

iv. the networks are architected for a Service Area and not designed and built on LDCA or 
District basis, lack of availability of digital maps with clearly defined towns, varying size of 
sub-service area and quantum ofBTSs etc. 

c. There was a suggestion from one service provider that the benchmarking of QoS parameters should 
be at a combination of LSA and BTS level. 

d. The service providers have also suggested to change the measurement methodology for the 
parameter “Worst affected cells having more than 3% call drop rate”. 

e. With respect to measurement of call drops, the service providers and industry associations have 
supported measurement of QoS parameters at Time Consistent Busy Hour (TCBH) only at service 
area level as Cell Bouncing Busy Hour (CBBH) may vary drastically with various factors like 
sudden movement of subscribers, any outage etc. whereas, TCBH accounts for the network 
performance as a whole and not just for a particular cell. 

f. The overall view of the service providers is that the existing regulation of measuring QoS of 
telecom networks at LSA level should continue. 

2.5 Suggestions from stakeholders other than TSPs 

a. Suggestions from other stakeholders included monitoring QoS at BTS level as this would eliminate 
“averaging-out”, measurement of QoS across all of India, and focusing on ‘hot spots’ or poor 
service areas. 

b. One consumer organization registered with TRAI suggested tightening the benchmark for the call 
drop parameters and the parameters relating to voice quality and POI congestion. 

2.6 Suggestions were also made in favour of continuous measurement so that seasonal changes, metro, urban 
and suburban development can be factored into. The consumer organization referred to above also 
suggested that QoS measurement should take place at the BTS level during Cell Bouncing Busy Hour 
(CBBH). 

2.7 Before proceeding further, it would be useful to gain a deeper insight into the DCR data and have a better 
understanding of the character, shapes and patterns of the typical distribution of DCR data. This is 
followed by an evaluation of the options of redefining the DCR parameters; the revisiting the 
measurement methodology; or tightening of the current benchmarks. Accordingly, the following section 
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provides some illustrations to explain: 

a. the typical distribution pattern of DCR values at the BTS level and the consequences of (i) 
averaging the DCR values of all the cells in a BTS; and (ii) further averaging the DCR values of a 
BTS over a period of time; and 

b. the extent to which the poor performance of some BTS can be compensated by the better 
performance of others while averaging the performance of a provider’s BTS at a LSA level. 

2.8 Typical Distribution Pattern of Count of BTS vs. DCR 

a. Distribution pattern of the number (count) of BTS with DCR meeting current benchmarks is 
illustrated in the graph below. DCR for a BTS is an average of three DCR values belonging to each 
sector or cell of this BTS. Consequently, very few BTS may report DCR value close to zero as it is 
highly unlikely for all three cells to have zero DCR values and average DCR value of zero for all 
days in the assessment period. 

b. Similarly, very few BTS may be seen to have higher DCR values, which may be due to the effect 
of averaging DCRs for a BTS over a period of time. If a BTS had high DCR values on a few days, 
then it likely that it may also have had relatively lower (i.e. better) DCR values on some other days. 
Accordingly, for a network that meets the current benchmark of 2% DCR, the peak of the 
distribution of the number of BTS will most likely fall between DCR values of 0 to 2. 



Figure 1: Illustration of distribution pattern of count of BTS vs. DCR 


c. The range of continuous DCR values, along with the count of the BTS, may also be presented in a 
point-mass form. For instance, all BTS having DCR values less than or equal to 2% can be clubbed 
together and represented at their mean DCR value M 2 . with height of the bar being equivalent to % 
of total count of BTS in the 0-2 DCR value region. Similarly, M 3+ may represent mean DCR value 
of BTS having DCR value beyond 3%. Percentage of BTS counts exceeding 3% DCR value is 
represented as a point-mass value at M 3+ with % of BTS counts shown at a bar height of 3%. 
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2.9 Impact on Network Performance Assessment due to DCR averaging 

a. Presently, the QoS for network parameters is measured for the service area as whole. Because 
of averaging, bad performance in some of the areas within the LSA is compensated by good 
performance in other areas, allowing the service provider to meet the benchmark. However, this 
method of computation of QoS performance does not give a true picture about the extent of non- 
compliance in specific pockets and the problem areas. For example, the figure below illustrates the 
DCR performance of all the BTS of a provider in a particular LSA: 

■ M 2 . indicates the mean DCR value of all DCR values lying between zero and 2%; 

■ M 2 -3 indicates the mean DCR value of DCR values lying between 2% and 3%; and 

■ M 3+ indicates the DCR values lying beyond 3% and M ALL is overall average value. 

b. From the illustration, it can be seen that average DCR value meets the 2% benchmark even though 
there are a good number of BTS lying between 2% and 3% DCR and a few BTS also have DCRs 
greater than 3%. 

c. The following is a hypothetical example that illustrates the extent to which the DCR values of 



Figure 2: Illustration of effect of averaging in extreme case 


badly performing BTS could potentially be offset by the DCR values of value of well performing 
BTS. If we assume that 40.33% of the total BTS of a provider in a LSA are performing ideally 
with zero percent DCR value, that would be sufficient to compensate for 56.67% of its total BTS 
with DCR value at 2.9% (almost 3%) and 3% of BTS with DCRs values as high as 10%. 
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d. The effect of averaging may be better visualized by comparing the averaging process with a see¬ 
saw (as illustrated in the diagram below) having planks of unequal lengths. The benchmark point 
i.e. 2% DCR can be considered to be the fulcrum point of the see-saw with the left-side plank of 
the fulcrum being a length of 2mm (0 to 2% DCR) and the right-side plank going up-to the length 
of 98mm (2% to 100% DCR) to be the of the see-saw. The circles on either side represent the point 
mass for DCR value ranges while the size of the circles represents their weight, equivalent to the % 
count of BTS in that range. The position of the circles represents mean DCR values within the 
DCR sub-range which the circle represents. Typically, as seen in the BTS & DCR distribution 
patterns discussed earlier, weights on the left-side plank are likely to be heavier than weights on 
right-side plank. Further, on the right-side plank, the distances of circles from the fulcrum are 
relatively much larger than the distances of circles on the left-side of the plank. If the see-saw is 
balanced or inclined towards the left, then performance of the network would be considered to be 
compliant with the existing benchmark. As is obvious from the illustration, that averaging may 
easily balance out the far placed smaller size circles on the right part of plank using the weight of 
the bigger sized circles on the left part of the plank. 



BTS Count 



Same as T M T„ fc Threshold or DCR Benchmark e g. 296 


0% 0.1% 0.5% 1% 1.5% 2% 2.5% 3% 5% 10% 

Drop Call Rate (DCR) 

Figure 4: Illustration of effect of averaging (See-Saw) 


2.10 In view of above, the Authority felt the need to devise a QoS framework for DCR assessment that 
measures and reflects a more realistic and granular picture of the network’s performance while addressing 
the concerns of customers; and keeping in mind the practical constraints faced by TSPs, along with factors 
beyond their control. 

2.11 The Authority accordingly decided to carry out a detailed study of the DCR data of some of the service 
areas submitted to TRAI by telecom service providers in order to gain a deeper insight and characterize 
the distribution behavior which would help to define new DCR parameters, revisit the existing 
methodology; or tighten the existing benchmarks. In summary, the framework is to be revised in such a 
manner that it identifies problem areas and represents a more realistic picture of the performance of the 
network. 

3 Organizing the DCR data 

3.1 Arranging the DCR Data (DCR-Matrix-Spatial-Distribution) 

a. The first step is to organize the DCR data in matrix form where each row represents the DCR values for 
individual cells over the days in chronological order as columns i.e. the daily DCR values for the 
assessment period. DCR data points with values greater than the set benchmark for each individual cell 
are highlighted as illustrated in figure 5. e.g. 2% DCR are shown in light grey and DCR data points 
breaching the benchmark are in dark grey. 
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Figure 5: illustration ofDCR data for different cells on different days 


b. Suppose if DCR values for each individual cell be arranged in ascending order for all days in the 
assessment period, then the worst DCR values of a cell irrespective of date will slide to the rightmost 
part as illustrated in figure(6). 

c. Certain days for a cell - let’s say 10% of total days - may exhibit poor performance due to uncertainty 
and factors beyond the control of the TSP, for e.g. uncertainties in the behavior of mobile traffic and 
Radio Frequency (RF) signal propagation. Given this backdrop, 90 percentile (say) DCR value of the 
daily time-series of DCR values of each cell, may be considered as representative DCR for that cell 
during the period of assessment. This representative DCR value of each cell may be called Cell-Q 
factor, and in the context of spatial distribution matrix, the corresponding value for a cell may be called 
Cell_Q(90). 
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90 th Percentile values s 



dspstfiaf 


Figure 6: Illustration ofDCR data after sorting ofDCR values within a row and then 

sorting rows on the basis of 90th percentile DCR value of row 

(grid size and column indicating Cell_Q(90) shown in the illustration is not to scale) 


d. The rows, previously ordered over time, are next sorted in ascending order of their representative 90th 
percentile DCR values identified in the previous step. The 90th percentile DCR value is extracted from 
the resulting vector of ordered, representative 90 percentile values of each cell. Unlike the previous step, 
we obtain a single value for the cross-sectional 90th percentile cut which we refer to as Cell_Q(90). 

e. Bottom region of the matrix after arranging of rows, will have all cells (complete row with DCR data 
belonging to that cell) with Cell_Q(90) relatively higher (i.e. poorer performance) in comparison to 
Cell_Q(90) of cells in upper part of the matrix. 

f. The complete DCR value dataset arranged in a row and columns may be called the DCR-Matrix-Spatial- 
Distribution (DCR-Matrix-SD). 

3.2 Partitioning of DCR Matrix Spatial Distribution 

a. The Cell_Q(90) for each cell represents the worst performance (highest DCR) attained by the cell after 
removing 10% of its worst performing days. Next, in order to account for cells which might exhibit 
consistently poor performance e.g. border cells, we extract the 90th percentile DCR value from the 
vector of Cell_Q(90) for each cell. We obtain a single value for the cross-sectional 90th percentile cut 
which represents the DCR value achieved by a network 90% of the time, in 90% of geographic locations 
(cells). This value is the representative value for the performance of a network as a whole, across time 
and location and we term this value as Network_Q SD (90,90). Essentially Network_Q S D(90,90) is the 
90th percentile of Cell_Q(90) of all cells in a network. 
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b. Considering that data for all cells, for all days in the period of assessment is available, 
Network_Q S D(90,90) will be a cross-point of a column having Cell_Q(90) values and a row having 









CelfensaelirigM: 
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90 th Percentile values of Day_.Q(97} 


Network^Q r ^(97 # 90) 



Figure 7: Illustration of DCR data to show Network_Q TD (97,90) as 90th 
percentile DCR value Day_Q(97) 

DCR values corresponding to a cell having Cell_Q(90) and represents 90 th percentiles value among all 
Cell_Q(90) values. 


3.3 Arranging the DCR Data (DCR-Matrix-Temporal-Distribution) 

a. Similarly, DCR Data can be arranged in ascending order in each column first for performances of 
various cells on a particular day. 

b. 97 th percentile DCR value in a column may be representative DCR value for that day with 97% of 
cells having better DCR values than this. This may be called as Day_Q(97). 

c. Similar to Spatial Distribution Performance DCR Matrix, all columns can be rearranged in a 
ascending order of Day_Q(97) values and 90 th Percentile of the Day_Q(97) will be 
Network_Q TD (97,90). 

d. The complete DCR value dataset arranged first spatially, and then temporally may be called DCR- 
Matrix-Temporal-Distribution (DCR-Matrix-TD). 

3.4 Regions of DCR Matrix 

a. The column and row associated with any Data-point in the DCR Matrix (apart from matrix borders) 
divide the matrix into four regions. From benchmark perspective, concern will be specific to some 
key points in the matrix such as Network_Q S D(90,90) in the spatial distribution and 
Network_Q TD (97,90) in the temporal distribution. This single Q-point may give good insight into 
thenetwork performance and may be a key data-point for defining benchmark. 

b. Column and rows containing Network-Q S D(90,90) in a completely filled array of DCR values matrix 
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Figure 8: Illustration of DCR data to show Network_Q TD (97,90) as 90th 
percentile DCR value Day_Q(97) 


Characteristics of the data in different partition 


Characteristics of the data in Top-Left Region (TLR) in DCR-Matrix-SD 


a. Column containing Network_Q S D(90,90) has representative DCR values for all cells and every DCR 
value of this column is a upper bound value for all DCR values in the left part of the same row. This 
DCR value is also a lower bound value for all DCR values in right part of the same row. 


Figure 9: Illustration for partitioning of DCR Data 


i.e. DCR-Matrix for Spatial or Network-Q TD (97,90) for Temporal Distribution partitions the data in 

four regions namely, Top-Left Region (TLR) , Top-Right Region (TRR), Bottom-Left Region(BLR), 

Bottom-Right Region(BRR). 
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b. TLR part contains DCR values which are smaller than Network_Q S D(90,90) i.e. 
Network_Q S D(90,90)) is an upper bound value for complete Top-Left Region (TLR). 



Figure 10: Top Left Region 


c. If the network performance of a TSP computed as per the Network_Q SD (90,90) methodology meets 
the DCR benchmark specified by the Authority (say, 2%) then all data points in the TLR are better 
than benchmark value. 

d. TLR contains 81% of the total data-points in the DCR-Matrix and Network_Q SD (90,90) value meeting 
the DCR benchmark indicates that at least 81% data-points are better than the benchmark value. 

e. If DCR values in TLR are not meeting the DCR benchmark value set for an individual cell, then there 
is a cell which has performed worse than the set DCR benchmark for more number of days than the 
set benchmark of 10% of total days (say). 

4.2 Characteristics of the data in Top-Right Region (TRR) in DCR-Matrix-SD 

a. This region of the Network_Q S D(90,90) partition represents 9% data-points. It has row-wise DCR 
values which are greater than Cell_Q(90) values for the cell representing that row. 

b. In this region, Cell_Q(90) values are smaller than the Network_Q S D(90,90) values and there may be a 
wide range of DCR values in this region, some of which meet the specified benchmark value while 




Figure 11: Top Right Region 

others do not. 

c. In this region, if two rows are considered then it may happen that DCR values in a row which is on 
downside may be having DCR values smaller than DCR values in the row on the upper side. It may 
depend upon DCR value rising pattern of row beyond a Cell_Q(90) point. Different rows having 
different Cell_Q(90) starting point may have rising curves competing with each other and one curve 
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may be rising at a slower pace while other curve may be rising at a faster pace and cross each-other. 

4.3 Characteristics of the data in Bottom-Left Region (BLR) in DCR-Matrix-SD 

a. This region of the Network_Q S D(90,90) partition symmetrically represents 9% data-points of DCR- 
Matrix.The DCR values in a row in BLR are smaller than Cell_Q(90) values for that cell. 

b. In this region, if two rows are considered then DCR values of a row will be rising from left to right 
side and reaching to their respective Cell_Q(90) values. Cell_Q(90) of a row on downside may be 
equal or higher than Cell_Q(90) value of a row on upper side. But it may happen that DCR values in a 
row on downside may be having DCR values smaller than DCR values in the row on the upper side. It 
may depend upon DCR value rising pattern of row before reaching to a Cell_Q(90) point. Different 
rows having different Cell_Q(90) final points and DCR rising curve may compete with each other and 
one curve may be rising at a slower pace while other may be rising at a faster pace and cross each- 
other. 

c. If one DCR value in a row in this region is not meeting the benchmark, then all right DCR points will 
not be meeting the benchmark value as they are arranged in non-decreasing order. 



Figure 12: Bottom Left Region 


4.4 Characteristics of the data in Bottom-Right Region (BRR) in DCR-Matrix-SD 

a. This region of the Network_Qso(90,90) partition represents 1% data-points of DCR-Matrix. 

b. This region represents all DCR values worse than benchmark values. 

c. However, all DCR values may or may not be as bad as observed in TRR. This means that worst DCR 
values may either be in TRR or BRR. 

d. Cell_Q(90) of a row is a lower bound value for all DCR values in the BRR. 
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Figure 13: Bottom Right Region 

4.5 Characteristics of the data in DCR-Matrix-TD 

a. The DCR-matrix for Temporal Distribution similarly, has four regions divided by the point 
Network_Q TD (97,90) with similar characteristics. 

b. The key difference to be noted between the spatial and temporal matrices is that the former focuses on 
cells which are consistently performing poorly, for many days, while the latter addresses the days on 
which the performance of cells is relatively poorer than other days. 

5 Main objectives for redefining existing network related quality of service parameters for cellular 

mobile telephone service. 

5.1 DCR data organized in Spatial distribution and Temporal distribution will provide insight into area-to- 
area variations of DCR and day-to-day variations of DCR. Appropriate points in this distributions which 
may be representatives of performance of network on most of the days and for most of the cells in the 
network and may be used as new parameters for measure of DCR assessment and accordingly new 
benchmarks may be set for these parameters. 

5.2 Before finalizing the new parameters for DCR assessment in context of DCR Spatial and Temporal 
Distribution, there is need to consider the main objectives which should be met by the new parameters and 
benchmarks. And also to consider the assessment area, radio access technologies and assessment period 
for which DCR matrix need to be populated. New parameters and benchmarks also take into account the 
factors which are beyond control of TSP and practical challenges faced by them. Some of these points like 
objectives and stakeholders' views related to DCR assessment are deliberated under this Para while other 
points are dealt in Para 6 and Para 7. 

5.3 The benchmarks for QoS should be designed in a way that makes them meaningful to consumers - 
enabling them to make an informed choice between TSPs based on the level of quality of service they can 
expect, irrespective of the technology provided by the TSPs. Accordingly, it is important to adopt 
measures that are objective, measurable, and verifiable so as to ascertain the QoS being maintained by the 
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service providers. 

5.4 While designing the benchmarks, it was kept in mind that the benchmark parameters should be achievable 
- while at the same they should force a service provider to invest resources in improving QoS. Also the 
QoS parameters and benchmark should be technology agnostic (2G/ 3G/ 4G/ BWA) and should be 
capable of being measured and reported irrespective of the technology deployed. 

5.5 For exploring the options of new parameters and benchmarks, or revising the measurement methodology - 
key objectives should be set ex-ante, which can be used to ascertain the appropriateness of the new 
approach and ensuring that the concerns with the present methodology or parameters are addressed. 

5.6 After analyzing the issues raised earlier with the averaging process, following key objectives were set out 
for devising a new framework or approach for DCR assessment: 

a. Main goal of the new framework should be to highlight the problem areas so that coordinated actions 
may be taken to ensure effective QoS. 

b. New approach should consider DCR of individual cells of a Base Station (BS) for each day without 
involving any averaging process for the assessment of a cell during the period of assessment. 

c. The new approach should also consider representative DCR value of all individual cells without 
involving any averaging process for assessment of the representative DCR value of the network. 

d. The new methodology should be able to identify the cells which have performed worse than the set 
benchmark beyond a certain % of days in the period of assessment. Such identified cells with poor 
performance for many days should be appropriately considered in the performance assessment of the 
network. 

e. The new methodology should also identify the days on which a significant number of cells (e.g. 
certain % of the total cells in the network) of the network observed relatively poorer performance. 
Such identified days should be considered while assessing the network performance. 

5.7 After analyzing the stakeholders' views, the Authority felt that the following key points should be given 
due consideration while devising a new framework or approach for assessment: 

a. Licenses are issued on service area basis and infrastructure is created to provide the service at a 
service area level. 

b. Operators are facing problems in establishing infrastructure because of false EMF radiation rumours, 
scarcity of spectrum, Right of Way (RoW), infrastructure related issues, administrative issues, natural 
calamities etc. 

c. TSPs face practical challenges in meeting the benchmarks at each individual cell level for every day, 
which are beyond their control e.g. various factors like sudden movement of subscribers, any outage 
etc. 

d. Radio Frequency (RF) propagation characteristics introducing uncertainties in the coverage to any 
user with variations in location and time. 

e. Performance assessment of a network should be done after excluding certain cells or certain days but 
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assessment should be representative of most of the part of the network for most of the days. 

5.8 New benchmark or methodology which achieves the above objectives and addresses the gaps in the 
existing benchmarks is deliberated in following Para(s). 

6 Redefining framework for new benchmarks, parameters and methodology for DCR assessment 

6.1 As noted earlier, the main goal of redefining the QoS parameter is to highlight the problem areas so that 
coordinated actions may be taken to ensure effective QoS. From the characterization of DCR Data in 
Spatial and Temporal Distribution, it is clear that the problem areas, if any, are easily identifiable using 
the methodology described above. 

6.2 One of the options brought up in the consultation was to tighten the benchmark for the parameters so that 
the effect of averaging a TSP’s performance over the LSA may be lessened. However, based on a detailed 
analysis of averaging process, it is obvious that mere tightening of benchmarks while retaining the process 
of averaging will not address the concerns of identifying the problem area. Any average DCR value 
arrived at through this process may not be representative of most of the parts of the networks and most of 
the days. 

6.3 These concerns are being addressed by the being new methodology of carrying out the DCR-Matrix 
analysis using the Q-factor cross-section, as described in the previous sections. 

6.4 The Spatial and Temporal Distribution methods portray the performance of the network in different parts 
of the service area and on different days. However, this is being achieved without involving any averaging 
process for the purpose of assessment of a cell or the assessment of a network as a whole. 

6.5 DCR-Matrix arrangements with Spatial Distribution identifies the cells which have performed worse than 
the set benchmark beyond a certain % of days in the period of assessment. Some of these identified cells 
with poor performance for up-to a certain number of days may be excluded from the overall assessment in 
view of practical difficulties and factors which may be beyond control of TSPs. But beyond these 
exclusions, which are clearly identified, every cell is considered for assessment of the overall network 
performance. 

6.6 DCR-Matrix arrangements with Temporal Distribution identifies the days on which a significant number 
of cells of the network observed relatively poorer performance allowing them to be excluded while 
assessing the network’s overall performance. Beyond these exclusions, which are clearly identified, each 
day during the assessment period is considered for assessment of the overall network performance. 

6.7 Q-cross-points partitions of DCR-Matrix arrangements with Temporal and Spatial Distribution are very 
meaningful for the purpose of enabling consumers to make an informed choice. These distributions set out 
a clear assessment of what percentage of the total service area and for what percentage of days can a 
particular network be assumed to be performing better than the benchmarks set by the Authority. By 
knowing the position of Q-cross-point, subscribers will be in a position to assess the minimum confidence 
level with which they can be assured of a certain level of QoS. 

6.8 To meet the objective of assessment of network irrespective of the technology provided by the TSPs, the 
DCR Data matrix may be a single data matrix for all technologies being used for providing voice services. 
In case of a voice call, a user may not be concerned about the specific technology being used to serve 
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him/her. Therefore, aggregating data of all cells of a TSP, irrespective of technology, will be appropriate. 
Accordingly, the Authority has decided that QoS parameter like DCR should be technology agnostic (2G/ 
3G/ 4G/ BWA) as these can be measured and reported irrespective of the technology being deployed. 

6.9 The Q-value cross-points in the DCR Matrix, both in case of Spatial Distribution and Temporal 
Distribution, are based on percentile values, and can therefore be defined in an objective, measurable and 
verifiable manner. Accordingly, the Authority has come to the conclusion that the Q-values cross-points 
methodology shall be used for ascertaining the level of QoS being offered by a service provider in relation 
to call drops. 

7 Setting the Benchmarks (BMs) for DCR Assessment 

7.1 One of the objectives to be kept in mind while setting the benchmark value is to arrive at Q-values which 
are achievable and also force a service provider to invest in infrastructure and improve its services. At the 
same time, the benchmarks should be such that they satisfy the overarching concerns of user experience of 
QoS. 

7.2 With these objectives in mind, the Authority has decided to introduce the following benchmarks and 
criteria related terminologies for the redefined DCR framework: 

a. Percentile-t value of DCR out of DCR data for a particular cell which will be considered as 
representative DCR value for the performance of that particular cell for the entire period of assessment 
i.e. Cell_Q(t). 

b. Percentile-s value of Cell_Q(t) values which is to be considered for representative DCR value for 
network DCR Spatial Distribution performance in the assessment period .i.e. Network_Q S D(s, t). 





fTWJ 




Figure 14: Terminology for DCR-Matrix-SD related 

c. DCR benchmark value, QSD which is to be set as a maximum DCR for Network_QSD(s, t) i.e. for 

network DCR Spatial Distribution performance in a LSA and will be considered as meeting the 
benchmark when value at Network_QSD(s,t) ^Benchmark QSD. 
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d. Percentile-s value of DCR out of DCR data for all cells operating in a network on a day which will be 
considered as representative DCR value for the performance of the network on that day i.e. Day_Q(s). 

e. Percentile-t value of Day_Q(s) which is to be considered for representative DCR value for network 
DCR Temporal Distribution performance in the assessment period i.e. Network_QTD(s, t) 

f. DCR benchmark value, QTD which is to be set as a maximum DCR for Network_QTD(s, t) i.e. for 
network DCR Temporal Distribution performance in a LSA and will be considered as meeting the 
benchmark when value at Network_Q TD (s,t) <Benchmark Q TD . 
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Fiaure 15: Terminoloav for DCR-Motrix-TD related 


7.3 One of the main issues in the consultation paper was that averaging of DCR over the entire service area 
and over a period of three months was not reflective of a large number of local variations in the DCR 
value. The 2% DCR benchmark, as such, was not an issue although tightening of DCR benchmark was 
considered as an option for the specific purpose of lessening the impact of averaging. In the DCR-Matrix, 
DCR data is not averaged with DCR values of any other cells, not even with the values of other cells 
belonging to same BTS. In present assessment methodology of worst affected BTS, counts of good 
performing days of one BTS was compensating counts of bad performing days of other BTS which is not 
the case in revised approach. So, if averaging effect is nullified then, it will be a relatively stringent 
requirement. However, considering practical difficulties faced by the TSPs and the many factors that may 
be beyond the control of a TSP, certain percentage of days are allowed to be excluded for each cell and 
also certain percentage of cells are allowed to be excluded from the assessment of the network 
performance by appropriately choosing values of Percentile s and t values. Once that is done, if network is 
meeting the Q-Cross-point benchmark then DCR value for each cell on all days lying in the TLR would 
be better than 2% in case of spatial distribution and better than 3% for temporal distribution. 

7.4 Sample analysis was carried out for a few LSAs using the current DCR data for 2G networks to have an 
idea about the network performance of different service providers with reference to Q-cross points 
Network_Q SD (90,90) and Network_Q TD (97,90) in case of metro type LSA e.g. Delhi, in case of Cat-A 
LSA e.g. Tamil Nadu, incase of cat-B LSA e.g. Punjab and in case of Cat-C LSA e.g. Himachal Pradesh. 

7.5 Network_Q S D(90,90)-values for Spatial Distribution were observed as 
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TSP 

Metro One LSA 

Cat-A 

One LSA 

Cat-C 

One LSA 

Cat-B 

One LSA 

TSP-1 

3.12% 

3.12% 

4.84% 

2.17% 

TSP-2 

1.58% 

2.24% 

0.92% 

1.28% 

TSP-3 

2.46% 

1.62% 

2.78% 

1.18% 

TSP-4 

2.05% 




TSP-5 

0.67% 

0.91% 

1.39% 

0.63% 

TSP-6 

1.47% 

0.91% 

0.00% 

1.69% 

TSP-7 

3.25% 

2.44% 

2.65% 

3.10% 

TSP-8 


2.87% 

10.97% 



7.6 Network_Q TD (97,90) values for Temporal Distribution were observed as 


TSP 

Metro 

One LSA 

Cat-A 

One LSA 

Cat-C 

One LSA 

Cat-B 

One LSA 

TSP-1 

3.70% 

3.71% 

5.92% 

2.74% 

TSP-2 

1.97% 

2.75% 

1.21% 

1.62% 

TSP-3 

2.99% 

1.92% 

2.94% 

1.51% 

TSP-4 

3.11% 




TSP-5 

0.96% 

1.14% 

2.50% 

0.95% 

TSP-6 

2.17% 

1.96% 

0.00% 

2.16% 

TSP-7 

3.65% 

3.00% 

2.90% 

11.36% 

TSP-8 


3.15% 

14.49% 



LSA average DCR values for 2% benchmark, calculated as per the existing methodology are 
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TSP 

Metro One 

LSA 

Cat-A 

One LSA 

Cat-C 

One LSA 

Cat-B 

One LSA 

TSP-1 

0.72% 

0.79% 

0.97% 

0.62% 

TSP-2 

0.69% 

0.69% 

0.48% 

0.45% 

TSP-3 

0.77% 

0.24% 

1.28% 

0.30% 

TSP-4 

0.29% 




TSP-5 

0.17% 

0.14% 

0.41% 

0.08% 

TSP-6 

0.25% 

0.27% 

0.09% 

0.36% 

TSP-7 

1.13% 

0.61% 

0.70% 

0.64% 

TSP-8 


0.86% 

1.98% 

0.76% 


7.8 LSA average DCR values for 3% benchmark, calculated as per the existing methodology are 


TSP 

Metro One 

LSA 

Cat-A 

One LSA 

Cat-C 

One LSA 

Cat-B 

One LSA 

TSP-1 

4.13% 

4.05% 

8.58% 

2.01% 

TSP-2 

1.12% 

2.05% 

0.33% 

0.89% 

TSP-3 

2.65% 

1.25% 

2.21% 

0.47% 

TSP-4 

1.51% 




TSP-5 

0.35% 

0.34% 

1.76% 

0.41% 

TSP-6 

1.24% 

1.27% 

0.53% 

1.37% 

TSP-7 

2.61% 

2.48% 

2.27% 

2.80% 

TSP-8 


1.77% 

2.60% 

1.15% 


7.9 These values clearly indicate that while the average DCR value of each TSP was substantially lower than 
the current DCR benchmark of 2% but Network_Q S D(90,90) was greater than 2%. In case of 
Network_Q SD (90,90) approach at-least 81% data-points are equal to or lower than the Q-value i.e. Q- 
value is a better representative of the network performance. Additionally, it can be seen from these tables 
that Qsd= 2% is practically achievable if service provider makes appropriate efforts to address the issues 
of poor performing cells or days.The Q-cross-section view portrays a truer picture of the network 
performance. 

7.10 From above DCR Data analysis, it is quite clear that Network_Q S D(90,90) in spatial distribution presents a 
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more real picture of the performance of the network and if network meets the benchmark then it indicates 
that DCR<2% is achieved on at-least 90% of days, by at-least 90% of cells and similarly 
Network_Q TD (97,90) in temporal distribution meets the benchmark then it indicates that DCR<3% is 
achieved on at-least 90% of days by at-least 97% of cells. 

7.11 In view of above, the Authority has decided to set Network_Q S D(90,90) =2% as the benchmark for the 
spatial distribution of the DCR Matrix. As the DCR value is to be measured at the cell level, therefore, it 
has been decided that all DCR values need to be reported by TSPs during the CBBH. 

7.12 Day_Q(97) parameter of DCR-Matrix-Temporal Distribution may be compared with the present "Worst 
Affected BTS Call Drop Parameter" and Benchmark in the existing QoS regulations. "Worst Affected 
BTS Call Drop Parameter" specifies that a TSP should not have more than 3% BTS with more than 3% 
Call Drop Rate. This parameter may also be interpreted as the requirement that 'at-least 97% of the BTS' 
should have a DCR of less than 3%. It may be noted that computation of the 3% DCR for this parameter 
is based on the averaging of data across cells of same Base Station. Accordingly, there may be instances 
where the DCR of a cell is much higher than 3% but after averaging, it's value comes down to below DCR 
3% at the BTS level. But same time, it does not consider the situations or difficulties faced by service 
providers and factors which may be beyond the control of service provider. To take that into account, 
certain percentage of cells and certain percentage of days may be required to be considered. 

7.13 In the redefined framework of QoS, which is percentile based, worst affected 3% cells will be identified 
using the DCR-Matrix-TD. Rest of the approach remains similar to the Spatial Distribution except that the 
value of percentile-s which assess day-wise performance of cells would be considered at 97% instead of 
90%. This will reflect that on at-least 90% of the days for at-least 97% of cells in a network, the 
performance will be better than 3% DCR if network is meeting the benchmark. Value of percentile-t 
which assess % of days when more than 97% of cells observed DCR higher than benchmark may be 
considered same as in case of Spatial Distribution i.e. 90%. DCR Benchmark for Temporal Distribution 
may be set as 3%, same as mentioned in the present regulation for worst affected BTS. 

7.14 Therefore, the Authority has decided to set the benchmark for TD i.e. .Network_Q TD (97,90) as 
3%. Networks meeting this benchmark will indicate that DCR<3% is achieved on at-least 90% of days by 
at-least 97% of cells. 

7.15 It may be noted that due to high mountainous terrain, remote areas and other factors, certain service areas 
may face difficulties and challenges in maintaining QoS on implementation & operational fronts. Network 
coverage in many parts of these areas, may be in the form of island of coverage and may not be 
contiguous which is likely to lead to more drop call instances for traffic moving in or out of these islands 
of coverage. In the stages of evolving from islands of coverage to carpet or contiguous coverage, these 
services areas are likely to observe higher DCR values. Such situation for difficult service areas may 
require special consideration to encourage Service Providers to provide coverage in remote and 
challenging areas without fear of high financial disincentive on account of relatively more number of 
instances of Drop Call Rate higher than 2% or 3%. Such special circumstances can always be addressed 
on case to case basis and it cannot be the basis for any blanket relaxation. The Authority is aware of these 
concerns and it shall be looked into on need basis. 
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7.16 In summary, revised DCR assessment methodology will remove averaging effect. This methodology also 
improves confidence level by making it more representative of the actual network performance (e.g. at- 
least 90% of cells, at-least 90% of days have to achieve DCRs equal to or better than 2% DCR value); and 
as DCR is to be measured for individual cell, busy hour for that cell need to be taken, it means that DCR 
to be measured during CBBH. Similarly, worst-affected BTS parameter has been revised to adopt a cell- 
level parameter and ensure that on at-least 90% of days, at-least 97% of the cells, have to achieve DCR 
equal to or better than 3% DCR value. DCR is to be measured during CBBH. 

7.17 Further, the Authority has decided the assessment of the performance of the network for QoS parameters 
to be continued at LSA level and on quarterly basis. QoS parameters with consolidate values for 
corresponding parameters for all cells (inclusive of all technologies) will be assessed as a whole. 
Benchmarks for network quality and customer service quality will continue to be applicable in the same 
manner as in the present regulation, except DCR benchmarks which will be 2% for DCR Spatial 
Distribution Measure and 3% for DCR Temporal Distribution Measure, and assessment period for all 
cases will be on quarterly basis. 

7.18 In case 90% of total number of days or 97% of total number of cells is not an integer and includes 
fractional value then the DCR value corresponding to its rounded nearest integer value is to be considered 
for computation of the network’s performance assessment. 

7.19 The Authority has also decided that DCR benchmark should be technology agnostic. Accordingly, from a 
DCR benchmark and measurement perspective, a network’s performance on all technologies (e.g. 2G, 3G 
or 4G) deployed by the TSP in a LSA and used for providing voice services will be treated equally. 
Therefore, the consolidated data of all the cells of the TSP will be assessed as part of a single network, 
irrespective of the technology being used. 

7.20 The performance against benchmarks for the parameters namely availability, accessibility and retainability 
in the Network Service Quality table, to be computed for all the cells in the License Service Area (LSA) in 
which a service provider is operating and which are being used to provide Circuit Switched Voice or 
VoLTE service. For example, In case, VoLTE service is being provided by the service provider then DCR 
values for the cells of the eNodeBs will also be included for the parameters and if only Circuit Switch 
based voice calls are being provided then cells in the eNodeBs will not be included for the assessment 
purposes of parameter; 

7.21 Data pertaining to all other QoS parameters should continue to be reported technology-wise although the 
Authority may consider revisiting the question of their assessment as a single network at a later stage. 


DCR Code 

Stands for 

Reason or purpose 

DNE 

Does Not 

Exist 

The cell was either not commissioned or de-commissioned in the 

middle of the quarter and was not part of the network to serve the 

users in the network. 
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The cell was not operational because of planned shutdown or 

NOP 

Not 

taken out of operation due to technical problem and thus not able 

Operational 

to serve the users in the network. It includes force majeure 



conditions. 


counter 

If the requisite counter values for computation of DCR for a Cell 

NAV 

values Not 

on a particular day could not be captured due to technical glitch 


Available 

although the cell was operational. 

NDM 

computation 

of DCR Not 

Determinable 

or irrelevant 

In case, computation of DCR observes that mathematically DCR 

values could not be computed being not in a determinate form or 

computed value is irrelevant for the purpose of assessment. 


7.22 There may, however, be situations when DCR data for a few cells may not be available for all the days of 
a quarter. For example, this could happen in a case when the BS was installed and commissioned in the 
middle of that quarter; or if a particular BS went an operational shutdown for certain legitimate reasons; 
or if there was a genuine technical difficulty in acquiring data for a few days. There may also be cases 
where the net voice traffic handled by a cell on a particular day was zero or a value which makes DCR 
value on that day non-determinable or irrelevant. 

a. For the treatment of special cases, DCR Codes' shall be used when a special observation is made 
corresponding to a Cell on a particular day as listed in the table below: 

b. Authority may add, modify or delete the list of DCR Codes, through directions issued from time to 
time; 

c. If it is found that DCR codes detailed in Note 5 are used not consistent with the reasons and 
circumstances for which it has been specified mentioned, then it may be treated as per sub-regulation 
(3) of Regulation 5 A of the principal regulation; 

d. Blank DCR entries or entries filled with any value other than computed DCR value or entries filled 
with any code or text other than DCR codes specified in Note 5, shall be considered as non¬ 
submission of the compliance report; 

e. All DCR values for the assessment period shall be considered for Percentile value computation for the 
parameter DCR spatial measurement and DCR temporal measurement excluding the cases enumerated 
in above the table. 

f. DCR values of individual Cells for the computation of parameter DCR spatial measurement and DCR 
temporal measurement shall be computed during Cell Bouncing Busy Hour and only up to two 
decimal places; 

7.23 TSPs need to start re-assessing their systems and processes to ensure that complete and verifiable data is 
available. In view of this, the Authority has decided that the revised framework for network service 
quality and methodology will come into effect only after 1st October, 2017, allowing TSPs sufficient time 
to adapt to the new framework. 
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8 Graded Financial Disincentives for non-compliance with the benchmarks 

8.1 The present structure of DCR financial disincentives is based on a determination of whether or not a TSP 
meets the specified DCR benchmarks. However, no consideration is given to the extent of poor 
performance by the TSP. In this context, the consultation paper sought to explore the possibility of a 
scheme of graded financial disincentives which would allow the Authority to take actions commensurate 
with the extent of poor performance. 

8.2 Service providers and their associations were broadly not in favour of amending the financial 
disincentives structure. There were also suggestions that there should be no financial disincentives on 
marginal violations of key performance indicators (say less than 10 to 15%). In contrast, others have 
suggested that a policy of “financial incentives” would be in the best interest of the consumers and serve 
the purpose of motivating the TSPs for provisioning better services. With respect to graded financial 
disincentives, it was suggested that it should not be done due to various reasons such as new site 
restrictions, EMF issues, Fibre cut, theft cases, boundary and fringe cells, GSM spectrum non-availability, 
interference etc. They also suggested that financial disincentives for QoS should be removed as there is 
heightened competition in the market with comparable price structures, and quality of service has 
emerged as a major differentiator. The TSPs were also not in favour of imposing additional penalties for 
2nd and 3rd consecutive default if improvement in performance over previous quarters is observed. They 
were in favour of imposing penalties if a TSP refuses to collaborate in a joint action plan. They were also 
of the opinion that there should not be any financial disincentives for the TSPs if the QoS benchmarks are 
breached as choices are available to consumer and market forces will ensure improved QoS. In general, 
they believe that financial disincentives have not contributed in either increasing investments or to 
improve QoS. However, others have suggestions supporting graded financial disincentives. 

8.3 The suggestions of stakeholders were taken into account by the Authority. At the same time, the Authority 
also considered the improvements in QoS standards that have taken place in the recent months. These 
positive developments are attributable in part to the increase in awareness and transparency about the 
performance of networks and the existence of the financial disincentives framework in the QoS 
regulations. In light of this, the Authority has decided to continue with the existing framework on 
consequences for non-compliance with the benchmarks for the network related QoS parameters, except 
for the parameter on call drop. 

8.4 Being an issue of grave public concern, and to improve the quality of experience of telecom consumers, 
the Authority has decided to prescribe a graded financial disincentive structure for the call drop 
parameter. The graded financial disincentive (FD) will be imposed on the basis of extent of deviation of a 
network’s performance from the specified DCR benchmarks. For this purpose, the Authority has decided 
to continue the existing periodicity of assessment of Performance Monitoring Report (PMR) i.e. on 
quarterly basis. The imposition of FD will take place at the ESA level taking into account the data for all 
cells (2G, 3G and 4G) which are being used for voice calls. 

8.5 The revised graded FD structure being adopted by the Authority is with due regard to the specific 
functions conferred upon the Authority under the TRAI Act. The TRAI Act gives the Authority the power 
to not only regulate QoS but also ensure the compliance of the provisions of the regulations. The 
Authority has accordingly adopted a number of measures in the past to ensure such compliance by TSPs. 
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Firstly, information relating to the QoS performance of service providers is being disclosed regularly to 
the public in the form of the TRAI’s performance reports, QoS audit reports and the TRAI Analytics 
Portal. Secondly, FDs are being imposed on service providers that fail to meet the specified QoS 
benchmarks and information relating to the imposition of such FDs is also shared publicly by the 
Authority. The Authority intends to continue following both these paths in respect of the new DCR 
benchmarks also. Authority decided to keep the minimum amount of FD in case of DCR benchmark same 
as present value of Rs. 1 lakh for each instance of non-compliance. This is being accompanied by a 
graded mechanism for determining the FD based on the extent to which a TSP’s performance deviates 
from the specified DCR benchmark. If network doesn’t meet benchmark then for every 2% deviation 
from DCR Benchmark, financial disincentives may also be increased by rupees one lakh. However, there 
may be a capping of rupees five lakh for FD against one DCR parameter if it is a first contravention of 
benchmark in the consecutive quarters. If there is a case of contravention of benchmark in consecutive 
quarters, then the amount of FD may be increased by a factor of 1.5 while by a factor of 2 if it is in more 
than two consecutive quarters. 

8.6 To illustrate the computation of FD, for instance if the performance of a service provider in the first 
quarter with respect to the parameter Network_Q S o (90,90) is 3.5 percent, then the FD payable would be 
rupees one lakh. In case the performance in the second quarter is 5.5 percent then the FD payable would 
be 1.5 times of rupees 2 lakhs i.e. rupees 3 lakhs. Similarly, in case the performance in the third quarter is 
7 percent then the FD payable would be twice the amount payable as per the table in the regulations i.e. 
rupees 6 lakhs. Further, if the performance of the same service provider in the first quarter with respect to 
the parameter Network_Q TD (97,90) is 4.7 percent, then the FD payable would be rupees one lakh. In case 
the performance in the second quarter is 6 percent then the FD payable would be 1.5 times of rupees 2 
lakhs i.e. rupees 3 lakhs. Similarly, in case the performance in the third quarter is 8 percent then the FD 
payable would be twice the amount payable as per the table in the regulations i.e. rupees 6 lakhs. 
However, since there is a capping of rupees 10 lakhs in a quarter for combined violation of both the 
parameters, the FD payable for the third quarter violation, combined for both the parameters will be 
capped at rupees 10 lakhs. 

8.7 It was proposed in the consultation paper that QoS parameters and benchmarks should be technology 
agnostic (2G/ 3G/ 4G/ BWA) and could be measured and reported irrespective of the technology 
deployed. During public consultations, most of the service providers and their associations had suggested 
that parameters for Network Availability, Accessibility (CSSR), Retainability (Call Drop Rate) should be 
technology agnostic as long as they provide voice services in the country. Presently, the 3G networks 
have similar network related parameters and benchmarks as 2G, although nomenclature of the parameters 
may differ. ITU-T Recommendation G.1028 defines end-to-end quality of service for voice over 4G 
mobile networks. For voice over 4G, parameters similar to 2G and 3G have been discussed with the 
service providers and consequently, TRAI had proposed similar parameters for 4G services. Almost all 
service providers have agreed with these parameters and benchmarks. Accordingly, TRAI has prescribed 
the parameters and benchmarks for 4G services in these regulations. 

8.8 Network and Customer Service Quality parameters, other than DCR, will remain same as in the previous 
regulation and existing FD will continue. 
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9 Radio Link Timeout (RLT) 

9.1 Call Drop Rate at network level is assessed on the basis of information captured by the network. Call drop 
is forced release when quality of voice call degrades below a pre-specified level. There may be scenarios 
in real environment when degradation of voice quality may be for very short duration and cause of 
degradation is likely to be temporary in nature e.g. user moving in and out of elevator (lift), passing 
through tunnel etc. In such scenarios, users may experience degradation of quality but for a very short 
duration. Degradation of voice quality for very short duration may also happen during the handover 
process between cells. The duration of degradation may also be dependent upon radio network 
deployment scenarios e.g. wide area cells and micro-cells may observe variations of different levels in the 
network signal. Similarly, there may be variations in the duration for which degraded network signal 
quality is observed. 

9.2 Mobile networks are designed to take care of such scenarios and provide flexibility in the system through 
configurable parameters to handle situations in different network deployment scenarios and traffic 
patterns in different pockets of the network. In GSM system, RADIO_LINK_TIMEOUT value can be 
maintained and broadcast by the network to the devices for initializing or re-initializing Counter 'S', as 
defined by GSM specifications. The counter 'S' is incremented or decremented according to good and 
poor quality on the Slow Associated Control Channel (SACCH) associated with a connection. When 
Counter ‘S’ value becomes zero, radio resources are released. 

9.3 In a GSM system, a mobile station (MS) making a voice call tracks a radio link counter, which is used to 
ensure the quality of the radio link. The radio link counter is used to measure the quality on the Slow 
Associated Control Channel (SACCH) associated with a connection (which may be used to carry a voice 
call). At the start of a call, after handover, and after re-assignment, the radio link counter "S" is initialized 
to a network-defined Radio Link Timeout (RLT) value. After every bad SACCH block, S is decreased by 
1. After every good SACCH block, S is increased by 2 (to a maximum value of RLT). If the radio channel 
conditions are bad, many radio blocks will be lost, and eventually the radio link counter will expire when 
the value of S equals the expiry value (zero). This event is termed Radio Link Failure (RLF), and at that 
point the device stops using the traffic channel. The commonly-seen problems leading to radio link failure 
are (a) rapid radio channel degradation (e.g., due to sudden co-channel interference), (b) the network not 
sending a handover message in time to avoid RLF and uplink interference and/or limit-of-sensitivity (due 
to limited transmit power) issues. 

9.4 For cells with obvious coverage holes or in areas where call drops occur during movement, a TSP can 
increase this parameter appropriately in order to increase the possibility to resume the conversation. This 
parameter is normally set depending upon the region - urban, semi-urban, rural areas. Though the RLT 
value is normally set up as per the network, setting up high values for the same could lead to customer 
dissatisfaction. Considering this, the views of stakeholders were sought as to whether RLT parameter 
should be mandated or not and what should be the RLT values. 

9.5 During public consultations, most of the stakeholders had suggested that RLT is just a configuration 
parameter amongst thousands of other configuration parameters to counter various dynamic adverse 
conditions and thus in the best interest of the TSPs being able to optimize their networks for delivering 
good quality services, it should be kept out of the ambit of any regulatory framework. However, there 
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were suggestions to mandate optimal value for RLT. 

9.6 Normally the RLT value is defined, to be between 36 to 48 for areas of light traffic and large coverage 
(rural areas); between 20 to 32 for areas of heavy traffic (urban areas); and between 4 to 16 for semi-urban 
areas and in areas with heavy traffic (with microcells). TRAI had obtained the details of cells with RLT 
values in the range of 0 to 16, 16 to 32, 32 to 48 and 48 to 64 from the service providers. On analysis of 
this data it was seen that in most of the cases the RLT value is within the range of 32 to 48. However, 
there were few cases where the RLT value was in the range of 48 to 64. 

9.7 Inappropriately high RLT value configuration in the network may lead to a call not getting dropped even 
in case of prolonged degraded quality of voice call. In such cases, users are likely to disconnect the call 
because of poor quality of voice call and it may not be registered as call drop, though in real sense it was a 
call drop. Hypothetically, RLT parameter can be misused to moderate call drop rate in the network but no 
service provider is likely to adopt such practice as it will also deteriorate network performance. In view of 
this, the Authority feels that there is no need for mandating any specific value of RLT as such but there is 
a need to have mechanism to check inappropriate high RLT value configuration in the network. Since 
such high values could lead to poor customer experience the Authority has decided to monitor such cells 
through reporting by service providers for RLT values equal to or higher than 48 for more than three 
consecutive days. 

10 Use of Call Detail Records (CDR) meta data for call drop rate calculation 

10.1 CDRs (Call Detail Records) which provide usage related information for a particular customer, may be an 
additional source of information for the assessment of call drop rates. CDR captures cell id and duration 
of the call. The analysis of CDRs with small duration and repetitive calls to same called party within 
stipulated duration may give indication that the calls were probably getting dropped by the network. 
Through data analytics of the CDR, it may be possible to identify probable call drop instances. 

10.2 Stakeholders' views 

a. During the consultation process all the service providers had opined that identification or segregation 
of the Cause Codes whether they are due to network behavior or consumer behavior or device 
behavior is not possible with present information in the CDR. Hence, call drop rate using CDR meta 
data cannot be calculated. 

b. One of the registered consumer organizations had suggested that CDR data method can be the 
secondary source for calculating call drops and worst of the two results should be counted for 
performance measurement. 

10.3 The Authority, after considering the views of stakeholders and examining the issue found that cause codes 
captured as a part of CDRs are not detailing the specific reasons related to radio network conditions and 
mapping of radio network related events to the codes captured in CDR is many to one and this mapping 
has non-uniform implementation among different telecom equipment vendors. It is also noted that 
analytics of CDR indicates the probability of call drop but it may not be concluded only on the basis of 
the CDR. This information may be helpful to identify likely problematic area and investigate further, if 
required. Further, as the CDR also reflects details of the source and destination numbers, any analysis of 
this data would also have to take into account the privacy of telecom subscribers. In view of these factors, 
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the Authority has decided to undertake further analysis of this issue through engagements with expert 

agencies/organizations to consider the usefulness of CDR meta data analysis and feasibility of 

implementation. 

11 Customer Satisfaction Index: 

11.1 Measuring the QoE of consumers 

a. One of the options for measuring the QoE of the consumer could be to calculate the QoE as perceived 
by the consumer. Perceived QoS could be assessed by customer surveys and from the service 
provider’s network. Using the various network related parameters one can calculate the Network 
Service Quality Index (NSQI). Similarly, the Customer Service Quality Index (CSQI) could be 
calculated by focusing on the Customer Centric parameters like metering and billing credibility, for 
post-paid and pre-paid; resolution of billing/ charging complaints, etc. Similarly, the Customer 
Satisfaction Survey Quality Index (CSSQI) is calculated through consumer surveys. 

b. These different indexes for could then be used to evaluate the performance of the cellular mobile 
service providers on each parameter based on a 10-point score and by giving equal weightage to each 
parameter. (Whenever a benchmark is achieved, a score of 10 points will be assigned to that 
parameter. In case the performance of parameter is below benchmark, the score will be reduced 
depending on level of performance). Accordingly, the total score for all parameters will be added. 
Using these the ‘Customer Satisfaction Index’ (CSI) could be calculated. 

c. The CSI combines the user behavior and the actual performance of the network, Technical Quality 
perception and Service Quality Perception are included to distinguish network technologies and 
service quality from customer’s perspective. While Technical specifications are also added for 
evaluating the real performance of the network. To calculate this, a number of latent variable needs to 
be defined - Customer Expectation; Value perception; Technical quality perception; Customer 
Satisfaction; Service quality perception; Customer Loyalty; and Technical Specifications. 

d. The views of stakeholders were sought on the utility of customer satisfaction index, the methodology 
of calculation, the latent variables that need to be defined and how they are to be calculated. 

11.2 Stakeholders' views 

a. During consultation process the service providers and their associations had suggested that Quality of 
Experience(QoE) is subjective and varies with the expectation of the consumers and affected by 
various factors such as awareness, experience, media, perception etc. and hence, it should not be 
measured. 

b. One of the consumer organization registered with TRAI suggested that the QoE can be calculated by 
giving weightage of 30% for NSQI, 40% to CSQI and 30% to CSSQI and CSSQI need to be refined 
based on experience of at least 2 years. There was also a suggestion that a SIM may be used by the 
TSPs to measure the QoE of customers as it will help the TSPs to invest wisely. Direct engagement 
with the customer to measure QoE is not suggested as their input to key performance indicator (KPI) 
is subjective. 

c. The Authority considered the views of the stakeholders and has felt the need for using technological 
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platforms, involving customers, to collect and assess feedback of QoE by the customers. In this 
regard, TRAI has recently launched the “TRAI MyCall App” through which the customers can rate 
their call quality experience. Also the App can capture the call quality and report to TRAI. The 
analytics of the data collected via App can be presented in a manner which enables consumers to 
understand the perceived quality of different service providers’ network. 
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